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SUMMARY 
The present investigation was undertaken with an aim to evolve effective 
management strategies against Helicoverpa armigera (Hubner) (Lepidoptera: 
Noctuidae) infesting chickpea Cicer arietinum L. (Fabales: Fabaceae) in and around 
the agrocHmatic zone of AHgarh, Uttar Pradesh. Chickpea, C. arietinum L. (Fabales : 
Fabaceae) is a major food legume that provides a cheap source of high quality protein 
in the diets of millions in developing countries, especially in the Indian subcontinent 
where the population is predominantly vegetarian or cannot afford animal protein for 
balanced nutrition. The production was 9.31 million tones/year worldwide, out of 
which India produced 5.3 million tones/year. Helicoverpa armigera (Hubner) 
(Lepidoptera : Noctuidae) is an economically important agricultural pest in many 
parts of the world which could cause US$ 5 billion annual losses on different crops 
worldwide. In chickpea, H. armigera can reduce yield up to 90-100% under severe 
infestation. 
Till date, the single application of any control method has failed to provide 
satisfactory and encouraging results to combat this nefarious pest to reduce its 
damaging potential. This has necessitated planning for adoption of efficient 
management approach which would fit well within the reach of farming community 
of the region under study. With this intension, an attempt was made to identify some 
promising germplasms/cultivars on their differential response against H. armigera. 
The abiotic factors were also taken into account so as to highlight their contribution in 
dynamics of the pest under study. Semiochemicals in the form of lures were employed 
to monitor the population level of moths for two successive chickpea cropping 
seasons. A comparative study on life tables of H. armigera in natural and controlled 
environment was undertaken to unveil the key mortality factors responsible for 
population regulation. The management strategies included the determination of host 
plant resistance source amongst several cultivars, use of recently introduced synthetic 
chemicals and their comparison with that of widely used insecticide (endosulfan) in 
the region, determination of performance of microbial control agents involving 
commercially available formulations and their comparison with an indigenous strain 
and also evaluating feeding detterency and insecticidal properties of some new 
promising botanicals against H.armigera. 
Summary 
The experiments were conducted in the laboratory (26 ± 1°C and RH 65 ± 5%) 
as well as at the experimental fields of the Department of Plant Protection, Faculty of 
Agricultural Sciences, Aligarh Muslim University, Aligarh. The experimental site 
spreads fi-om 27°19' to 28°10' north latitude and 77°29' to 78°38' east longitudes and at 
an altitude of 187.45 meters above the mean sea level. It experiences a sub-tropical 
climate with hot and dry summer with maximum temperature upto 48°C and cold and 
dry winter with minimum temperature down to 2°C. The soils of Aligarh are illitic 
fine sandy loam (sand 61 %, silt-25 %, clay-14 % and organic matter 0.41 %) with 
soil water ratio as 1:2.5 and 7.3 to 8.1 pH. The salient findings of the study are 
summarized below: 
1.1 Varietal significance 
It's long been recognized that identification and utilization of tolerant cultivars 
in host plant resistance would be the most effective management option in IPM. 
Resistance genes from diverse sources need to be combined i.e gene pyramiding 
needs to be done to increase the levels and diversify the bases of resistance to this 
pest. Concerted efforts are needed to transfer insect resistance into genotypes with 
resistance to wilt and desirable plant and grain characteristics. The knowledge of 
mechanisms, nature and inheritance of resistance is critical for developing cultivars 
with durable and stable resistance to insects. Systematic study of the host range to 
throw light on the chemical and physical attributes of the plant that determine their 
attraction and edibility need to be probed. Dissection of resistance into its components 
and precise genetic information on these components should be pursued so that 
beneficial genes or quantitative trait loci are pyramided in the cultivars. 
An attempt was made to relate various parameters like plant height, pod 
bearing potential, pod infestation, larval count and the yield of the cultivars so as to 
draw some conclusions about their correlations and determine their tolerance against 
the target pest. Three sowing dates (15* Oct, 1^ ' Nov and 15"" Nov), differing by 15 
days interval, were used for highlighting their impact on these parameters. 
Out of the total 55 cultivars, IPC- 2005- 48, IPC- 2005- 65 and IPC- 2005-36 
were found to achieve good height and were categorised as taller cultivars while IPC-
2005- 35, IPC- 2005- 24, IPC- 2005- 78, IPC- 2005- 62, IPC- 2005- 45, IPC- 2005-
57 and SAKI-9516 were placed in the list of short heighted cultivars. The cultivars 
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that registered maximum number of pods per plant include IPC- 2005- 56, IPC- 2005-
65, IPC- 2005- 30, IPC- 2005-64, IPC- 2005- 54 and DCP-92-3. On the contrary, 
IPC- 2005- 18, IPC- 2005- 54 and IPC- 2004- 68 recorded the minimal number of 
pods per plant in both the cropping seasons. 
The pooled data of both years showed that the cultivars IPC- 2005- 25, IPC-
2004- 54, IPC- 2005- 28, IPC- 2005- 36, IPC- 2005- 62, IPC- 2005- 65 and IPC-
2005- 74 experienced maximum pod infestation per plant. Whereas, IPC- 2004- 68, 
IPC- 2005- 78, IPC- 2005- 29, IPC- 2003-46, IPC- 2005- 57, IPC- 2005- 67, IPC-
2005- 69, IPC- 2005- 30, IPC- 2005- 18, IPC- 2005- 27 and SAKI-95I6 suffered less 
pod damage. The cultivars having maximum larval count were enlisted as IPC-2005-
19, IPC-2005-25, IPC-2005-34, IPC-2005-52, IPC-2005-60 and IPC-2005-62. 
Minimum larval attack was however recorded on IPC-2005-18, IPC-2004-88, IPC-
2004-78, IPC-2004-73, IPC-2005-66, IPC- 2005-30, IPC- 2005-36, IPC- 2005-57, 
IPC- 2005-64, IPC- 2005-65, IPC- 2005-68, IPC- 2005-78, SAKI-95I6, IPC-2005-29, 
IPC-2005-41 and IPC-2005-65 during the observation period of both years. 
The maximum damage potential of H.armigem was recorded on IPC-2005-74, 
IPC-2005-62, IPC-2005-54, IPC-2005-34, IPC-2005-25, IPC-2004-54, IPC-2005-42 
and IPC-2005-17. On the other hand, the minimum damage was seen in IPC-2005-29, 
IPC-2005-78, IPC-2005-67, IPC-2005-27, IPC-2005-30, IPC-2005-18 and SAKI-
9516.The pooled data regarding grain yield of various selected cultivars of chickpea 
and their analysis of variance revealed a highly significant difference (p < 0.05 and 
0.01) among the cultivars. The maximum grain yield was recorded on IPC-2005-64 
(1207.23 kg/acre), followed by IPC-2005-56 (1138.91 kg/acre), IPC-2005-35 
(1107.63 kg/acre), DCP-92-3 (1084.91 kg/acre) and IPC-2005-74 (1061.78 kg/acre) 
while IPC-2004-68 (86.47 kg/acre) produced the minimum grain yield. 
Dendrogramical classification and screening of accessions 
The multivariate of multi-factorial data viz., larval count, damaged pods and 
inverse of the total number of pods of the individual cultivars were used to classify 
the cultivars into two broad categories of tolerant and susceptible cultivars. As a 
result, 24 cultivars (2005-44, IPC-2005-72, lPC-2005-26, lPC-2005-15, IPC-2004-73, 
lPC-2005-76, lPC-2005-66, KWR-108, IPC-2003-46, lPC-2004-88, IPC-2005-45, 
BG-256, lPC-2005-30, lPC-2005-64, lPC-2005-43, IPC-2005-41, lPC-2005-68, IPC-
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2005-77, IPC-2005-39, IPC-2005-61, IPC-2004-83, IPC-2005-48, IPC-2005-56 and 
IPC-2005-79) were categorized as highly tolerant; 10 cultivars as moderately tolerant 
(IPC-2005-17, SAKI-9516, IPC-2005-67, IPC-2005-69, IPC-2004-78, IPC-2005-57, 
IPC-2005-78, IPC-2005-27, IPC-2005-18 and IPC-2005-29), 5 cultivars as tolerant 
(IPC-2004-68, IPC-2005-19, IPC-2005-62, IPC-2004-.54 and IPC-2005-28), 6 
cultivars as susceptible (IPC-2005-24, IPC-2005-65, IPC-2005-35, DCP-92-3, IPC-
2005-42 and IPC-2005-36), 7 cultivars as moderately susceptible (IPC-2005-52, IPC-
2005-60, IPC-2005-59, IPC-2005-37, IPC-2005-54, IPC-2005-16 and IPC-2005-53) 
and 3 cultivars were categorized as highly susceptible (IPC-2005-25, IPC-2005-74 
and IPC-2005-34) to H. armigera. 
1.2 Seasonal incidence 
The seasonal incidence of//, armigera commenced after 53 days of sowing i.e 
in the 49 standard meteorological week, during rabi season 2006-07, and continued 
until the 25' week of sowing (15' standard meteorological week) and during this 
period, the population varied from 3.66 to 11 moths/trap. However, in January, an 
undulating pattern on population count was observed. During grain filling stage 
(February), the count increased, reaching to its peak on the 15"^  standard week. The 
following year, Helicoverpa made its appearance in October itself but the level of 
incidence was low because of the vegetative stage of the crop. The moth catches were 
irregular, gaining momentum gradually in early December and declining thereafter 
untill January. Such increasing pattern was observed on population count till March 
showing maximum count of 11.67 moths/ trap. 
1.3 Life table study 
Population of any species possess certain specific characteristics viz., density, 
natality, mortality, dispersal, age distribution and population growth. Any population 
in a particular environment will have a specific growth rate of individuals, which is 
determined by the environmental factors and certain innate quality of the organism 
themselves i.e its biotic potential to reproduce and survive. Life table describes for the 
successive age intervals the number of deaths, remaining survivors, rate of mortality 
and expectafion of fiirther life. 
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1.3.1 Life tables under controlled environment 
1.3.1.1 Age specific life-table 
When studied under control environment (26 ± TC and 65 ± 5% RH), H. 
armigera required 37 and 42 days to complete its lifespan in 1^ ' and 2"'' generation, 
respectively. The maximum duration of egg, larva and pupa were found to be 3, 15 
and 8 days in 1^ ' generation and 4, 17 and 9 days in 2"** generation, respectively. The 
life expectancy of the newly deposited eggs was found as 21.8% in 1^ ' generation and 
23.98% in 2"'' generation. The highest mortality of this species was recorded on 34'"^ , 
35"^  and the 36'*' day in f' generation and 38* and 39* day in 2"^ * generation. The 
mortality rate was comparatively high at the age of 34 to 37 days in the 1^ ' generation 
and 37 to 42 days in the next generation. The early instars showed more deaths than 
the late instars. A steady intermittent decline in the life-expectancy was observed 
from the beginning of the generation till its culmination. 
1.3.1.2 Stage specific life-table 
1.3.1.2.1 Apparent mortality 
Pronounced variations were revealed in the trend of apparent mortality for two 
generations at different developmental stages. At egg stage, the highest mortality 
(11%) was recorded in 1^ ' generation and 1% in 2"'' generation. Whereas, between 
larval instars, it was maximum (16.85%)) at the 1^ ' instar stage followed by 12.16, 6.15 
and 3.28% at subsequent larval instars i.e. 11'"^ , \\V^ and V* larval stage, respectively. 
Interestingly, 4* and 6' instars didn't exhibit any mortality. The pre-pupal and pupal 
stages also revealed pronounced variation in mortality. 
1.3.1.2.2 Survival fraction 
Variation in survival fraction was of low order at the egg stage in both 
generations. When a comparison was made among the larval instars, it was noticed 
that the values were more or less on par with each other. Survival fraction (Sx) was 
found maximum (1.00%) at 4* and 6* instar and minimum at f' instar stage in l" 
generation. However, in 2"'' generation, among larval instars, the Sx remained highest 
at 5"' instar stage, while the least survival fractions was recorded at T' two successive 
instars. 
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1.3.1.2.3 Mortality survivor ratio 
The data on the survival ratio revealed that the pattern was inversely 
proportional to Sx but similar to that of apparent mortality. Of all the stages, the 
maximum MSR was found at 1^ ' instar stage, whereas the minimum value was 
obtained at 4"^  and 6"^  instars in 1^ ' generation. The MSR however, remained zero for 
the 5' and 6' instars resulting from nil mortality. In the next generation, among larval 
instars, minimum MSR value was recorded at 4*, s"' and 6* instars in contrast to 
maximum at 1^ ' and 2"^ * instar stages. Furthermore, when pre-pupal and pupal stages 
were examined, the lowest MSR value was computed at pre-pupal stage followed by 
pupal stage. 
1.3.1.2.4 Indispensable mortality 
The Indispensable mortality (IM) followed a similar trend to that of MSR. 
When different larval stages were compared, the maximum IM to the tune of 10.34 
was recorded at the T' instar stage followed by the second high of 7.6 at the 2"^ instar 
stage during 1^ ' generation. The minimum IM was nevertheless, zero at 4**^  and 6* 
instar stages. On the other hand, in 2"^ generation, the highest IM was recorded at 1^ ' 
instar stage (7.48) closely followed by 2"'' instar (7.33) and minimum at 5* instar 
stage (0.77). The pre-pupal stage registered a value of 2.73 in 1^ ' generation and 4.34 
in the next generation. Lastly, the indispensable mortality at pupal stage was 
computed as 5 and 7 in 1^ ' and 2"'' generation, respectively. 
1.3.1.2.5 k-values 
The highest 'k' was found at 1*' instar in 1^ ' and 2"^ * generation, respectively. 
Contrarily, it remained zero at 4' and 6' instar stage in thel^' generation, while in 2" 
generation, the least k value was acquired by the s"' instar larvae. The total 
generation mortality 'K' was recorded relatively high in the 2"'' generation. 
1.3.1.3 Life and fertility-table 
The observations revealed that H. armigera laid its eggs during a definite 
period of pivotal age). The 2"'' generation recorded a natality period of 9 days as 
against 8 days in the 1^ ' generation. A marked difference was noticed in the egg laying 
capacity of H. armigera in both the generations. The maximum number of eggs was 
laid during three specific days {viz., 31.5"\ 32.5"' and 33.5"' day) of the total egg 
laying period, contributing 68% of the total fecundity. The potential fecundity (379.76 
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eggs/female) and doubling time (5.90 days) was more in the 2"'' generation than that 
of 1st generation population. The net reproductive rate representing total female births 
was recorded as 51.2 females/female/generation in 1^ ' generation and 72.54 
females/female/generation in 2" generation. 
The mean generation time ranged from 31.98 to 36.63 days (1^' and 2"'^  
generation, respectively). The 1^ ' generation recorded higher values for the finite, 
intrinsic and annual rate of increase of population than that of 2"'* generation. 
1.3.2 Life tables under natural environment 
1.3.2.1 Age specific life-table 
In the cropping season 2006-07, H. armigera completed its entire life cycle in 
43 days and 48 days in 1^ ' and 2"'' generation, whereas in 2007-08, the cycle was 
completed in 46 and 52 days in 1^ ' and 2"'* generation, respectively. Intermittent 
pauses in the age specific survivorship (Ix) were also observed in both the 
generations. In 1^ ' generation, after an initial drop of population from day 1 to 10, the 
mortality count was stable for some days, but again on 39* to 43"* day, sharp peaks of 
mortality were observed. A similar undulating pattern on mortality was also seen. In 
the 2""* generation, the high peaks of mortality was witnessed on the 39*, 40*, 44*, 
45*, 46* and lastly on the 47* day of their development. In the subsequent year, the 
high peaks of mortality were recorded on 5*, 39*, 40*, and 44* day in the l" 
generafion and on 5*, 45* and 51^' day in the 2"** generation. Nevertheless, life 
expectancy followed a gradual declining trend, with an advancement in age, til the 
completion of the generafion. 
1.3.2.2 Stage specific life-table 
1.3.2.2.1 Apparent mortality 
All the developmental stages of//, armigera showed a marked variation with 
respect to apparent mortality. On comparison, at different developmental stages, it 
was revealed that the 1^ ' instar stage recorded its maximum value in both generafions 
during 2006-07. However, the mortality of very low order at 4"\ 5* and 6* instar 
stages in both the generations. In 2007-08 also, the number of deaths encountered in 
l" generation was maximum at f instar larval stage (13.48) followed by the 2" instar 
stage (11.69) and the egg stage (11.00), whereas, other instar stages revealed less 
mortality. 
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1.3.2.2.2 Survival fraction 
Marginal difference was witnessed in the survival fraction (Sx) at all the 
developmental stages of H. armigera in both generations of 2006-07. In the 1st 
generation, Sx was found maximum (0.99) each at 4"^ , 5"^  and 6* larval instars and 
minimum (0.89) at the 1^ ' instar stage. Similar trend was also observed in the T^ 
generation. In 2007-08, the variation in survival fraction remained less at early larval 
stages in both the generations. It was however found maximum (0.98) at 4* and 6"^  
larval instars and minimal at pupal stage (0.88%) in l" generation. In the subsequent 
generation, among larval instars, the Sx remained highest (0.99) at 4* and 5* instar 
stage and the lowest (0.85%) at 1^ ' instar stage. The pupal stage, however, did not 
reveal much variation in both the generations. 
1.3.2.2.3 Mortality survivor ratio 
In 1^ ' generation of 2006-07, the mortality survival ratio was recorded 
maximum (0.12) at 1^ ' instars stage in contrast to minimum (0.01) at 4* to 6* instar 
larval stages. The pre-pupal stage showed a relatively higher (0.08) ratio than that 
observed at the pupal stage (0.03). While comparing the MSR among larval instars in 
the 2"^ * generation, the 1^ ' instar exhibited the highest ratio (0.12) than others. 
Furthermore, when pre-pupal and pupal stages were examined, the respective lowest 
MSFL values were evaluated at the pre-pupal stage (0.01) and pupal stage (0.10). 
In 2007-08, an intermittent pattern similar to that of apparent mortality was 
seen with respect to mortality survival ratio in both generations showing a decreasing 
trend. MSR was found maximum (0.16) at 1^ ' instars stage in 1^ ' generation and 
minimum (0.02) each at 4"^  and 6* instars, respectively. In 2"^ * generation, among 
larval instars, the minimum MSR value was recorded at 3*^^ and 4"' developmental 
instars and it remained highest at 1^ ' instar stage (0.17%o). Furthermore, when pre-
pupal and pupal stages were examined, the respective lowest MSR figures were 
evaluated as 0.05% at pre-pupal and 0.12%) at pupal stage. 
1.3.2.2.4 Indispensable mortality 
The maximum indispensable mortality (8.90) recorded in f' generation of 
2006-07 at l" instar stage as against minimum (1.01) at 4"" instar stage in the l" 
generation. Similar trend was also observed in the 2"'' generation. The pre-pupal stage 
registered IM as high as 2.15 in l" generation in contrast to 1.09 in 2"'' generation. 
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However, at pupal stage the mortality was registered as 5.79 and 7.18 in 1*' and 2"^ 
generation, respectively. 
During the year (2007-08), a marked variation with respect to IM values was 
recorded at the different developmental stages of//, armigera. The maximum IM to 
the tune of 11.38 and 12.65 was recorded at 1^ ' instar stage in both successive 
generations, in contrast to minimum (1.14 and 1.20 %) observed as 4* instar stage 
registering the minimum of mortality, repetitively. The pre-pupal stage showed a 
value of 2.47 and 3.98 in 1^ ' and 2"'^  generation, respectively. However, the 
indispensable mortality at the pupal stage was of much higher magnitude i.e. 9.83 and 
8.94 %, in respective generations. 
1.3.2.2.5 k-values 
The k-values were found on par with each other with respect to 4"*, 5"^  and 6"' 
larval instars in both the generations during the cropping season, in 2006-07. The 
highest values were attained for 1^ ' instar larval stage in both the generations. The 
total generation mortality 'K' was computed to be maximum (0.2147) in 2"'' 
generation as compared to minimum (0.2007) in 1^ ' generation. 
While making a comparison between developmental instars, the minimum k 
value was obtained at 4* instar stage in 2"^ * generation and at 6* instar stage in 1^ ' 
generation. On comparison of the total generation mortality 'K', it was propounded 
that the maximum mortality was encountered in 2"'' generation as against 1^ ' 
generation. 
1.3.2.3 Life and fertility-table 
As was discerned from the findings, that H. armigera completed its egg laying 
period within 9 days in 1*' generation and 10 days in 2"^ * generation. In 1^ ' generation, 
the maximum eggs were laid on 38.5'\ 39.5'^ and 40.5"' day sharing 59.86% of the 
total eggs laid. Likewise, in the 2"'' generation, the maximum numbers of eggs were 
also laid on the 39.5* day of the oviposition period. Higher carrying capacity of 88.52 
was witnessed in 1^ ' generation as compared to 84.91 in 2'"* generation. The potential 
fecundity was of low order (362.99 eggs/female) in the l" generation as against 
375.09 eggs/female in the 2'"* generation. 
On comparing the mean length of generation and doubling time, it was 
revealed that their maximum values to the tune of 39.95 days and 6.21 days, 
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respectively, were found in the 2""^  generation. The intrinsic rate of increase was of 
higher magnitude (0.1130 females/female/day) in l" generation comparing to 2"'' 
generation (0.1117 females/female/day). Further, the finite and intrinsic rate of 
increase of the population were recorded as high as (1.1197, 0.1125 
females/female/day and 8.26 x lO''/annum, respectively) in the l" generation. 
On the other hand, in 2007-08, during 1'' generation, the commencement of 
egg laying was seen laying on 35.5"' day which ended on 45.5"' day. Whereas in the 
2"'' generation, the egg laying started on 38.5"^ day and continued till the 48.5"' day. 
More number of eggs was laid on 38.5'^ 39.5"' and 40.5"' day contributing 205.28 
eggs i.e. 52.78 % of the total eggs laid in l" generation. Similar was the trend in 2"^  
generation, wherein the females produced 263.01 eggs between 40.5 to 43.5"' day 
exhibiting a total share of 67.23% of the total egg natality. Maximum mean progeny 
production per day was 75.16 per female/day in l" and 80.65 per female/day in 2"'' 
generation of 2007-08. The potential fecundity (391.18 eggs/female) and net 
reproductive rate (76.56 females/female/generation) were recorded to be more in 2"" 
generation as compared to that in the 1^ ' generation. Following the same trend, the 
mean length of generation and doubling time were also found maximum (42.22 days 
and 6.72 days, respectively) in 2"'' generation and minimum (41.36 and 6.52 days, 
respectively) in the 1^ ' generation. The maximum finite, intrinsic and annual rate of 
increase were observed as 1.1122, 0.1059 females/female/day and 7.30 x 10'%nnum, 
respectively in 1^ ' generation. Whereas, the corresponding values for minimal rate of 
increase were witnessed as 1.1087, 0.1028 females/female/day and 2.28 x 
10'%nnum, respectively in 2"''generation. 
1.3.2.4 Key mortality factors 
Life table analysis under natural environment points towards the key mortality 
factors imparted by various ecological parameters including both biotic and abiotic 
agents. Such information serves as an important pre-requisite in identifying the weak 
links in the life cycle of an insect and unveils its most vulnerable stage in respect to 
the mortality factors. In the present investigation, it was seen that the rate of mortality 
was more prominent during egg and eariy larval stages but decreased with the 
progress of the life cycle. The mortality in egg stage has been attributed to adverse 
climatic conditions, dislodgement of eggs due to rains, non-fertilisation of eggs, 
predation as the predominant causes of such destructions. Braconid and ichneumonid 
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wasps were recorded as the predominant parasitoids acting upon mid-larval instars, 
nevertheless Campoletis chloridae attacked the early instars. The fate of pupa was 
difficult to determine under natural environment. The pupal mortality was also of 
higher magnitude due to adverse environmental factors, predation e.g by ants, 
bacterial diseases, nematodes, physical distortion and some unknown factors. 
1.4 Impact of abiotic factors on pest abundance 
In the first cropping season (2006-07), the moth population was positively 
correlated with the maximum (r=0.89) and minimum temperature (r=0.87) and 
negatively correlated with the maximum (r=-0.64) and minimum (r=-0.75) relative 
humidity. The effect of rainfall was however non-significant. In the following year, a 
similar pattern to those of the first year was also observed. 
1.5 Integrated management strategies 
Considering the complexities in managing Helicoverpa effectively, it's 
imperative to follow an integrated approach involving agronomic and cultural 
management, host plant resistance, biological control, natural enemies and judicious 
use of synthetic pesticides. A thorough analysis of multi-trophic interactions in the 
context of benefit versus crop damage and yield loss helps in deciding management 
options. 
1.5.1 Chemical Control 
The major plank to manage Helicoverpa is still the use of synthetic 
insecticides, so efforts should be taken to explore the possibility of maximizing the 
efficacy of insecficides while minimizing its harmful effect on the environment. In 
this perspective, the performance of two novel insecticides viz., lambdacyhalothrin 
and lambdacyhalothrin+acetamiprid in comparison to widely used insecticide 
(endosulfan) in the region was evaluated against the 4"' instar larvae ofH. armigera. 
The experiment was conducted following leaf dip bioassay technique. It was found 
that lambdacyhalothrin proved to be more effective in its perfonnance showing the 
LC 50 value of 76.2 ml/L, followed by lambdacyhalothrin+acetamiprid (LC5o=83.64 
mg/ml) and endosulfan (LC5o=182.15 ml/L). The corresponding LC75 values for all 
these three insecticides was recorded as 93.69, 104.51 and 260.72. 
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1.5.2 Microbial control 
Biopesticides are an emerging and promising area for effective and safe 
control of H. armigera on chickpea. With this insight, two commercial bacterial 
(Lipel®, Dipel®) and two viral formulations (Heli-Cide® and an indigenous strain) 
were checked for their lethal concentrations. The LC 50 value obtained by Lipel® was 
0.073 ^g/ml followed by Dipel® (LC 50 = 0.071 ^g/ml), Heli-cide® (LC50 =1.14 
LE/L) and local strain (LC50 = 1.08 LE/L). The regression coefficients were 0.925 and 
0.917 for Lipel® and Dipel® and 0.909 and 0.849 for Heli-Cide® and local strain, 
respectively. Similarly, the LC 75 value for Lipel® was found to be 12.23 p-g/ml, for 
Dipel® as 0.09 \i\lm\, for Heli-cide® as 1.44LE/L and for local strain as 1.45. The 
regression coefficients were found to be 0.925, 0.917, 0.909 and 0.849 for Dipel®, 
Lipel , Heli-cide® and the local viral strain, respectively. 
L5.3 Parasitoids 
Biological control involves deploying the natural enemies to control pests. In 
present investigation, three larval parasitoids viz., Cotesia (=Apanteles) glomerata L. 
(Hymenoptera: Braconidae), Bracon hebetor (Say) (Hymenoptera: Braconidae) and 
Campoletis chlorideae Uchida (Hymenoptera: Ichneumonidae) were recovered at 
different stages of Helicoverpa larvae infesting chickpea. The parasitization 
percentage was found to be as high as 15 to 25% in successive years of study. 
1.5.4 Botanicals 
The performance of seven plant extracts with respect to their efficacy, 
. . th 
antifeedency and insecticidal properties against the IV instar of H. armigera was 
made through leaf dip method. The screening of Asparagus falcantus, Mucuna 
cochichinensis, Salsola fitida, Anthocephalus cadamba, Crategus crenuleata, 
Peltophorum vogelianum andXylosma longifolium was done at 0.01% concentration 
at 16, 24 and 48 hours so as to mark the most effective solvent coupled with the 
respective herbal extract. Except for Salsola fitida, rest botanicals were further put to 
trial to record reduction in larval and pupal weights and also insecticidal effect. 
The aqueous solvent of Mucuna cochichinensis recorded the maximum 
reduction in larval (58.59%) and pupal (63.99%) weight at the highest concentration 
of 2%. The per cent mortality ranged from 5.81% to 50.86% at minimal and maximal 
concentrations, respectively. 
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The highest reductions in larval and pupal weights were recorded as 57 % and 
52.39%, respectively at 2% concentration of the extract of Asparagus falcantus 
prepared in acetone. It also recorded the highest percent mortality (69.03%) as 
compared to the alchoholic and chloroform fractions. In alcohol, it recorded 40.79% 
and 41.39% larval and pupal weight reduction, whereas, the chloroform solvent 
showed 37.71%) larval weight reduction and 32.51% decline in pupal weight at the 
highest dose. 
The aqueous and the ethyl acetate solvent of Anthocephalus cadamba proved 
as the most efficient solvent in substantial reduction of the larval (53.46 and 54%), 
respectively) and pupal weights (67.81 and 64.25%), respectively). The percent 
mortality in both respective solvents was shown as 73.41 and 70.34%) at the highest 
dose (2%)). The other three solvents viz. methanol, alcohol and chloroform caused 
30.86%), 22.89%) and 33.87%) mortality and could not cause more than 40%) reduction 
of the larval weights. The methanolic and chloroform fi-actions exhibited around 46%o 
pupal weight reduction. 
Crategus crenuleata in its solvent of Ethyl Acetate + Acetone showed a 
maximum larval and pupal weight reduction to an extent of 39.90 and 25.61%), 
respectively at 2%) concentration. However, the mortality was recorded as high as 
78.03%. 
The maximum reduction of 49.32%) in the larval weight and 46.24%) in the 
pupal weight was noted at 2% concentration of ethyl acetate solvent of Xylosma 
longifolium. However, the other two extracts, petrol and chloroform solvents showed 
the pupal weights close to the normal control values. 
Similar results were observed for Peltophorum vogelianum for its 
acetone+ethyl acetate, alchohol, petrol + benzene and methanol solvents at all the four 
concentrations of 0.02%o, 0.05%), l%o and 1%, respectively. The alchoholic solvent 
caused the least percent reduction of 38.60% in larval and 42.42%o in its pupal 
weii^ts. The petrol+benzene fraction caused a reduction of 19.84, 37.69, 42.85 and 
48.62% in the larval weights of the pod borer and similar reduction of 24.09, 32.43, 
43.42 and 46.39% in the pupal weights, in successive increasing doses, exhibiting a 
negative correlation of doses to weights. However, maximum mortality (93.16%)) was 
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recorded at 2% concentration in the methanolic fraction, thus proving it to be the most 
efficient solvent among the rest. 
1.6 CONCLUSION 
The economic significance of Helicoverpa damage and losses in farm produce 
points to gaps in technological options to manage the pest on sustainable basis. 
Concerted research efforts are needed to identify in greater depth, so as to evolve 
most appropriate technology in order to accelerate the pace of crop production. 
Breeding crop varieties resistant to insect pests will go a long way in pest 
management. Host-plant resistance helps in suppressing the pest population at low 
cost and with least disturbance to the ecosystems. Early sown crop could escape the 
attack of the pod borer larvae as revealed in the study. The following cultivars have 
shown tolerance with good yield e.g. so IPC-2005-44, IPC-2005-72, IPC-2005-26, 
IPC-2005-15, IPC-2004-73, IPC-2005-76, IPC-2005-66, KWR-108, IPC-2003-46, 
IPC-2004-88, IPC-2005-45, BG-256, IPC-2005-30, IPC-2005-64, IPC-2005-43, IPC-
2005-41, IPC-2005-68, IPC-2005-77, IPC-2005-39, IPC-2005-61, IPC-2004-83, IPC-
2005-48, IPC-2005-56 and IPC-2005-79 have shown tolerance to H. armgera attack. 
The physical and biological environment has direct impact on the occurrence, 
population build up, infestation levels, survival, rate of multiplication, life duration 
and epidemiology of the pest. The pest-weather relationship and spatio-temporal 
distribution are important factors responsible for population fluctuation. Such 
monitoring over space and time are also needed for the identification of critical 
mortality factors, growth rate etc in decision making for integrated pest management 
programmes. 
Lambdacyhalothrin was the most effective insecticide against H. armigera, in 
comparison to other insecticides including endosulfan, which is widely used by the 
farming community. The early instars are prone to Campoletis chlorideae Uchida 
(Hynnenoptera: Ichneumonidae) whereas the third and fourth instars are attacked by 
Bracon hebetor (Say) (Hymenoptera: Braconidae) and Cotesia (=Apanteles) 
glomerata (Hymenoptera: Braconidae), so they need to be conserved. The commercial 
bacterial formulations, namely Dipel® and Lipel and viral formulations (Helicide) 
and local indigenous strain were effective in controlling the pest. The performance of 
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commercial viral formulation was however found inferior to the indigenous strain of 
HaN?V. 
The botanicals, namely Mucuna cochichinensis in its aqueous solvent, 
Asparagus falcantus in its acetonic fraction, Anthocephalus cadamba in its aqueous 
solvent, Crategus crenuleata in the ethyl acetate and acetone, Xylosma longifolium in 
ethyl acetate and Peltophorum vogelianum in its methanolic solvent can be used to 
restrict the population build up of Helicoverpa armigera by virtue of antifeedency and 
development of abnormalities in the adults, rendering them incapable of mating. 
1.7 FUTURE THRUST 
1. Screening of germplasm accessions though have led to identify tolerant accessions 
but the inconsistency in reaction against the pod borer remains a bottleneck in 
exploitation of these genotypes in the development of resistant varieties. Hence a 
dynamic research is needed to identify resistant genes or lines with diverse 
resistance mechanisms and pyramid resistance genes into adapted genotypes so as 
to create variability in the cultivated gene pool through mutation. 
2. There is a great need to improve screening techniques for the gram pod borer. Use 
of micro analytic methods like capillary gas chromatography, mass spectrometry, 
etc could help in rapid screening of germplasms for phytochemicals that correlate 
with insect resistance under field conditions. Field screening coupled with lab 
testing of selected plants would enhance the efficacy of breeding methods 
employed for host plant resistance. 
3. An accurate forecasting of pest population is the comer stone of successful IPM, 
so agricultural meteorologists and statisticians should develop models for location 
specific application and early warning. 
4. Mucuna cochichinensis. Asparagus falcantus, Anthocephalus cadamba, Crategus 
crenuleata, Xylosma longifolium and Peltophorum vogelianum could be further 
exploited for their acfive ingredients and processed as potent biopesficides for safe 
management prospects. 
5. More in-depth studies of various modes of action of plant based insecticides 
against the pod-borer, evaluafion of their relative safety to parasitoids and other 
natural enemies, and concerted multilocafional field trials using stable 
formulations and improved application techniques can pave way for their 
increased use in managing this pest. 
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INTRODUCTION 
Pulses are mainstay of Indian cuisines and are the major sources of protein to 
the 1 argely vegetarian population of India. Endemic shortage, stagnant production and 
spiraling prices of pulses in India, calls for an increase in pulse production by 2 
million tons, as envisaged by the National Food Security Mission, Government of 
India. So there is a need to mobilize innovations, delivery and support system to 
ensure a quantum leap in production to become self-sufficient in pulses. 
Pulses thrive well in fragile environment and bring significant improvement in 
the physical, chemical and biological properties of the soil. They are endowed with 
the ability to frap atmospheric nitrogen in their root nodules, through symbiosis. They 
reduce the pH of the soil making the microenvironment favorable for nutrient 
availability. 
Chickpea, Cicer arietinum L. (Fabales: Fabaceae) is a major food legume that 
provides a cheap source of high quality protein in the diets of millions in developing 
countries, especially in the Indian subcontinent where the population is predominantly 
vegetarian or cannot afford animal protein for balanced nutrition. In addition to 
protein (23%), chickpea is a good source of carbohydrates (64%), starch (47%), fat 
(5%), crude fibre (6%), soluble sugar (6%), ash (3%) and minerals (phosphorus 340 
mg/lOOg; iron 7 mg/lOOg; calcium 190mg/100g; zinc 3mg/100g; and magnesium 140 
mg/lOOg when the nutritional value per 100g=3.5oz) (http://www.nal.usda.gov/fiiic/ 
foodcomp/ search dated: 12.10.2009). Chickpeas are of two types: (a) small seeded, 
colored, angular and fibrous with a rough coat called as "Je^/" and (b) large seeded, 
rams-head shaped with lower fiber content and a smoother coat called as ''kabulf 
(Malhotra et al., 1987). The desi type chickpeas are said to have a very low glyceamic 
index making them suitable to people with blood sugar problems (Geervani, 1991). 
Glandular secretions of the leaves, stems and pods consist of malic and oxalic acid, 
giving a sour taste and is used for aphrodisiac, bronchitis, cholera, diarrhoea, 
sunstroke and warts. These acids are supposed to lower blood cholesterol levels and 
seeds are antibillious (Duke, 1981). It has demonstrated cholesterol and lipid lowering 
effects in human. Apart from lowering both total serum and low density lipid (LDL) 
cholesterol levels, clinical research has shown its soluble fiber to be beneficial in the 
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management of type II diabetics and insoluble dietary fiber to be reducing the risk of 
colon cancer. 
In 2004, the worldwide chickpea area harvested reached to 7.5 million hectares 
with a total chickpea production of 9.31 million tones. Asia accounts for the bulk of 
chickpea production in the world. According to FAO (2004), Asia produced 7.67 
million tonnes of chickpeas in 2004 sharing 89% of the world's chickpea production. 
India is the largest producer and the consumer of chickpea in the world, with a share 
of 25% in global production, followed by Pakistan and Turkey. The total production 
of chickpea in India mounts to 6.54 million tonnes with an average productivity 8,720 
hg/tia (FAO, 2009). Madhya Pradesh contributes about 45% of the country's total 
outpiut. Maharashtra, Andhra Pradesh, Rajasthan and Uttar Pradesh are other major 
producers. 
Among various biotic and abiotic factors responsible for low crop productivity, 
the damage fi^om insect pests accounts for major losses. The Indian Council of 
Agricultural Research (ICAR) has identified Helicoverpa armigera (Hubner) 
(Lepidoptera:Noctuidae) as the single most damaging insect on cotton and legumes in 
Indian subcontinent and the major biotic constraint to increased crop production. 
Being a typical noctuid, H. armigera is polyphagous (Bilapate, 1984; Zalucki et ah, 
1986; Hardwick, 1965; King, 1994; Matthews, 1987) attacking a number of 
agricultural crops and is a major pest of cotton, tomato, tobacco, sunflower, legumes 
and cut-flowers (Lea, 1982). A high fecundity and a short generation time give H. 
armigera a great capacity to increase (Fitt, 1989). The larvae of//, armigera feeds on 
all jgrowth stages of the chickpea crop (Reed et al, 1987), however, the greatest 
damage is caused when older larvae burrow into pods to eat developing seeds, hence 
are commonly called the 'pod-borer'. Its preference for flowering/fruiting parts of 
high-value crops confers a high socio-economic cost to its depredations in subsistence 
agriculture in tropics. 
Annual losses caused by H. armigera alone are estimated at approximately US$ 
5 billion on different crops worldwide (Gowda, 2005; Sharma, 2001). In chickpea, H. 
armigera reduces yield by boring into pod and consuming pea (Hardwick, 1965; 
King, 1994; Matthews, 1987). During 1979-82, 14.6% of pod damage in 38 districts 
of Uttar Pradesh in chickpea due to H. armigera (Lai et al, 1985) was reported. The 
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avoidable loss due to borer complex estimated under All India Coordinated Pulses 
Improvement Project trials during 1981-92 was 34.5%. Its regular occurrence in the 
state of Maharashtra from early vegetative to podding stage caused 60-80 % loss in 
chickpea (Puri et al, 1998). When cultivated at Pantnagar, this crop witnessed 100% 
pod damage during heavy infestation in April (Bajpai and Sehgal, 2000). The cost to 
control this pest sometimes exceeds value of crop production (Matthews, 1997). 
Monetary loss result from cost of monitoring and confrol particularly cost of 
insecticides, and direct reduction of yield (Fitt and Cotter, 2005). 
To overcome these losses, pesticides have frequently been used to confrol this 
notorious pest (Shanower et al., 1997). While realizing the economic importance and 
decisive management options, the present area of thrust is to stimulate innovation in 
product development by understanding the industry needs and targeting research that 
will boost the incorporation of the pulses including chickpea into food and industrial 
products. A thorough analysis of multitrophic interactions in the context of benefits 
versus crop damage and yield loss will help in deciding the management options. At 
the same time, efforts are to be focused on maximizing the efficacy of insecticides 
and also minimizing their harmfiil effects on the environment. 
To achieve the target on the effective management ofH. armigera (Hubner), the 
present experiment was designed with the following specific objectives: 
> Determination of host plant resistance through screening of germplasms/ 
cultivars of chickpea 
> Determination of the impact of biotic and abiotic factors on the seasonal 
incidence 
> Construction of life tables under natural and controlled environment 
> Feasibility of management through integrated approach 
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The literature pertinent to the subject of the thesis has been reviewed under the 
following heads: 
I. Host Plant Resistance 
II. Impact of abiotic factors on seasonal incidence 
III. Use of pheromone traps 
rV. Life table studies 
V. Management Strategies 
Host Plant Resistance 
In India, Helicoverpa armigera is the predominant species causing economic 
damage to most of the crops. Goyal and Rathor (1988) tested the susceptibility of 
different host plants to H. armigera and found it in the order gram > pea > linseed > 
arhzir > tomato > cotton. They also reported that rabi host is more susceptible than 
kharif one. Chick pea was found as the most suitable host on the basis of growth 
index (GI) followed by soybean (Bilapate et al, 1991). 
Many workers had made attempts from time to time to test the susceptibility 
of Cicer arietinum varieties against Helicoverpa armigera so as to screen out resistant 
chickpea genotypes. For example: GL-645, P-1324-11, P-1697, P-6292-I, DULIA-6-
28, GGP and Selection-418 (Chhabra and Kooner, 1980), H-75-85 and ICCC-18 
(Dias et al, 1983) RSG-130 (Patnaik et al, 1985), L-2793 (C-235) (Ujagir and 
Khsire, 1987), variety 1115 (Iqbal et al. 1992), ICC-506 (Bhagwat et al, 1995), BG-
256 (Patnaik and Mohapatra, 1995), PDG 90-3E (Yelshetty et al, 1996) Kouroush 
(Gumber et al, 2000), RG-945 and JAK-19224 (Banchhor et al, 2000), Chaffa and 
ICCV-10 (Bhatt and Patel, 2001), C-44 and Paidar-91 (Shakeel, 2001), ICC 9854 and 
ICC 12490 (Sanap and Jamadagni, 2005), BGD-74 (Chandraker et al, 2006) were 
found to depict tolerant response against the pod borer damage. 
The difference in the infestation at different growth stages of chickpea plant 
could be accounted due to the relative amounts of the bio-chemicals present at a 
particular stage (Kaushik and Naresh, 1984). The crop phenology is also related with 
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the pod-borer incidence at the vegetative, pod formation and flowering phases 
(Jog^nder et al, 1985). Among the desi and bold type, the desi type chickpea against 
H. armigera was found to be less susceptible than the bold type (Das and Kataria, 
1999). The variety GL-769 exhibited resistance due to low number of pods attacked 
(19.5), less seed weight loss (18.1 ) and damage (17.7%) and this condition was 
attributed due to asynchronization of peak activity of pod borer and most susceptible 
stage of the plant. While studying the relationship between the length of maturation 
period in gram and build up of the population of//, armigera, Lateef et al. (1985) 
advocated that efficient screening could be accomplished by comparing the genotypes 
which flower simultaneously. The late flowering genotypes tend to have lower 
percentage of pod-infestation. On plotting the percentages of pod-infestation against 
time to flowering, the more resistant genotypes can be distinguished as being those 
that are farthest fi-om the regression line. These findings were contradicted by Ram 
and Khare (1987) who stated that late maturing genotypes suffered the greatest 
infestation and those with light colored foliage seemed to be preferred more by the 
pest. Further, the pod borer damage was positively correlated to the total number of 
pods (r=0.36), whereas the pod length and pod width had no such significance 
(Maiurya and Ujagir, 2004). 
Per cent pod damage could be converted to PSR (pest susceptibility rating) on 
a scale of 1-9 as suggested by Lateef and Reed (1983). Three different parameters viz. 
relative pest pressure index, relative intensity of damage index and relative 
productivity index were employed by Singh and Yadava (1999b) who found DHG-
84-11, 9-240, BG-79 and DHG-88-20 to be more pest tolerant. 
Patnaik and Senapati (2002) studied the spatial distribution of Helicoverpa 
armigera eggs in chickpea cultivars Annigeri 1, K-850, and H 208, sown at 15-day 
intervals fi-om 30 October to 15 December. Statistical analysis showed that the spatial 
distribution of// armigera eggs on chickpea was not influenced by sowing dates and 
cultivars. Oviposition was observed on different positions of the canopy and in the 
vegetative stage, the second terminal leaf had the highest proportion (25.7%) of eggs. 
The different indices of aggregation indicated the contagious type of egg distribution 
on chickpea. 
Some of the wild varieties of crops can be used to develop resistant cultivars 
with diverse mechanisms of resistance, mapping population to identify QTL's 
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associated resistance and as a source of genes for cloning and genetic transformation 
of crops for conferring resistance to Helicoverpa. On a similar front, few accessions 
of wild relative of chickpea eg. Cicer biginum, C. judaicum, C. pinnatifidium, C. 
microphyllum (Sharma et al. (2006) and C. cuneatum have shown diverse 
mechanisms of resistance to H. armigera. 
Use of pheromone traps 
The physical and biological environment has direct impact on the occurrence, 
build up, infestation levels, survival, rate of multiplication, life duration and 
epidemiology of the pest. The objective of successful pest management program lies 
in pest forecasting, monitoring their emergence and occurrence over space and time, 
geographical distributions, topography and phenological stages of the plants in any 
cropping system. In the array of various potential tools for pest confrol, 
Semiochemicals are being used as modem tools to monitor pest populations. The 
pheiomone traps proved reliable for early detection and estimation of H. armigera 
population and establishment of ETL (Szocs et al., 1995). The efficiency of fraps 
depends on the reliance rate of pheromone components in the specific rates from the 
septa. The compounds used were Z-11-hexadecanal (95%), Z-9-hexadecenal and 
hexadecenol (99%). Similarity dissipation patterns of the two aldehydes viz., Z-11-
hexadecanal and Z-9-hexadecenal is due to the same molecular weight and similar 
cheraical nature but due to a different fimctional moiety and different physical 
properties, the alcohol compound (hexadecenol) showed a different pattern, such 
dissipation follows the first order kinetics. 
Monitoring techniques for measurement of population growth are in place and 
direct count of immature stages and mass-collection of adults in pheromone fraps are 
important tools. 
The pheromone trap catches were found to be negatively but significantly 
correlated with the wind speed (-0.393) and minimum temperature (-0.468). 
Temiperature affected both the flight activity of male and release rate of pheromone 
from the septa and thus was negatively correlated with adult activity (Verma and 
Sanldiyan, 1993). 
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A positive correlation for pheromone trap catches of H. armigera with larval 
population and damage to the fruiting bodies in the field of chickpea was reported by 
Prabhakar et al. (1998) and Trivedi et al (2005). 
Monitoring of H. armigera in pigeonpea and chickpea crop using pheromone 
traps revealed that the activity of H.armigera was maximum (98-134 moths/3 
traps/week) during the last week of December 1996 to the third week of January 1997 
in chickpea whereas in pigeonpea, the moth catches ranged between 2-22 moths/3 
traps/week (Nakat and Ghorpade, 1999).The highest activity of the pest was observed 
during 39* and 40* meteorological week followed by the 2"'' peak during 43'^ and 
44' meteorological week. The pheromone trap catches were positively correlated with 
rainfall (r= +0.630) in pigeonpea and to that of minimum humidity (r= +0.723) in 
chickpea. 
Kant et al. (2004) assessed Helicoverpa population on the basis of sex 
pheromone released by females. Variable climate stimulate pheromone 
polymorphism, so H. armigera which is polyphagous and has habitats in varied 
climatic regimes, there is a possibility of existence of both host and environment type 
and possession of sex pheromone response polymorphism in males of Helicoverpa 
(associated with geographical locations). Therefore, for monitoring and mass-
trapping, a bouquet of blends of the major components (Z-9-hexadecenal and Z-11-
hexadecenal) be used rather than only one blend, provided the blends and their 
numbers will depend on the pre-determined location-specific pheromone profile of ^ . 
armigera. Varying blends were impregnated and the ratio of Z-9-hexadecenal to Z-
11-hexadecenal varied from 0: 100 to 15: 85, further suggesting male sex pheromone 
response polymorphism (Tamhankar et al, 2003). 
Twenty days after installation of pheromone traps in field, replacing the old 
septa with freshly loaded septa, trapping efficacy is regained (BhuUar et al, 
2005).This fiirther helps to develop a pesticide protocol and employment of pesticides 
judiciously at an appropriate time. The relationship between pheromone trap catches 
of H.armigera moths in egg, larvae, and damage to the cotton plant reproductive 
bodies were studied through the regression equations which were further employed 
for the prediction of egg and larval populations and eventual damage to the crop. Kant 
and Kannaujia (2006) described the morphology of sex pheromone gland of H. 
armigera. The pheromones of Helicoverpa have 5 components but the major ones (Z-
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11 HDAL: Z-9 HDAL) are most effective in the ratio of 97:3. Modified ICRISAT 
standard pheromone traps contain rubber eraser septum, at a distance of 15m from 
each other and at a height of 1.5m above the ground level. Each day after installation, 
trapped moths were collected, counted and destroyed. The moths started appearing in 
traps during end of February, increase suddenly in the beginning of March (45-75 
moth catches/day) and reached a maximum of 109 moths on 28 March. The number 
of moths started declining after 13* April (15-29 moth catches/day). The maximum 
population appeared from 1^ ' March to 12"* April. The trapping efficiency of septa 
decreased with time after field installation. The blend contains Z-9-hexadecenal and 
Z-11-hexadecenal in a ratio of 97:3 (Dixit et al, 2007). 
Varshney and Sudha (2006) studied the shelf life of the septa impregnated 
with the pheromone component (hexadecenol) and 97.3 blend of Z-11-hexadecenal 
and Z-9-hexadecenal by Gas Chromatographic estimation for different time intervals, 
var>ing temperature and storage conditions. No losses was observed up to 8 weeks 
when stored in freezer (-lOT) or in fridge (5 °C), but a loss of 22% was found when 
stored at room temperature, so it was suggested that pheromone blend impregnated 
glass vials are better stored in fiidge than to the rubber septum. 
Hossain (2008) reported that the pod-borer moth catching in pheromone fraps 
started between 3"^  week of January to 2"'* week of February and reached its peak in 
April and diminished to zero in the last week of July in the Pulses Research Centre, 
Pubna, Bangladesh and recommended the installation of 1PM package from mid-
January for its effective control. 
Impact of abiotic and biotic factors on seasonal incidence 
The population of insects is primarily controlled by weather which affects its 
development and survival. A high humidity ranging from 60-75% and temperature 
from 10-15°C accompanied with 3-5 mm rains during January could be a critical 
factor for the multiplication of Helicoverpa armigera (Patel, 1979). 
Vaishampayan and Veda (1980) also suggested that minimum daily 
temperature of 10-14°C and RH between 50-70% is conducive for larval population. 
The relative humidity and pest incidence are closely related, the early and good rains 
(250mm) in September and October favored the buildup of the first generation of 
larval peak of pod borer, whereas winter rains favoured the population build up in 
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December, January and February (at least 25mm/month). According to Metho et al. 
(1985) uniform average low temperature (15±3°C) and RH (75±10°C) during January 
and February, respectively, is ideal for continued build up of pest population. 
Tripathi and Sharma (1985) reported that a temperature range of 12-21°C and 
RH below 70% with low rainfall was responsible for high population of//, armigera 
in the terai belt of Uttar Pradesh. Heavy rainfall tended to wash the noctuid eggs of 
the plant and break down the pupation chambers in the soil preventing the adult 
emergence. Incidence commenced during the first week of January, population 
gradually build up and reached to its peak in February and March and suddenly 
declined at the maturity of the pods by the end of March. Maximum increase was 
reported in the ninth week with 18.42 larvae/6mt in 100% pod formation stage. The 
population decreased with increase in temperature fi"om 29.5°C to 33.4°C. Positive 
correlation between maximum temperature and pest incidence was observed, 
correlation coefficient being 0.77 and 0.86, up to 100% pod formation. Minimum 
temperature also showed positive correlation. 
Further, a sudden rise in the minimum temperature (>5°C) around 7-8 
standard weeks and rainfall during 1-9 standard weeks along with a considerable adult 
moth catches (above 15/week) during 5-7 standard week triggered a major rise in the 
pest population during the 10-14 standard weeks (Souvenir, 2005). 
Dubey et al. (1993) found that the pest had its peak activity in the months of 
February and March whereas Thakur et al. (1995) noted that the peak larval activity 
was fi-om November to April under Jammu conditions. Maximum and minimum 
temperature as well as vapour pressure showed decreasing trends in contributing 
population fluctuation of//, armigera on chickpea. The pest was first observed in the 
third week of November and reached a peak in the third week of December when the 
crop was in the podding stage. The pod borer was active fi-om November to February 
on chickpea (Patei and Koshiya, 1999). Alam (1996) and Khurana (1997) noticed the 
attack of H.armigera during the first week of March and recorded the maximum 
larval population at the end of fourth week of April, contradicting Shakeel (2001), 
who reported the attack of H.armigera on chickpea in the third week of March with 
the maximum population in the first week of April. 
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Singh and Ali (2006) studied the seasonal activity of the gram pod borer, 
Helicoverpa armigera, and its parasitoid, Campoletis chlorideae, on chickpea cv. K-
850, using pheromone traps. The larval activity oiH. armigera continued throughout 
the crop season with two peaks in both years, i.e. the first from 45 to 49 standard 
weeks and the second from 5 to 13 standard weeks. The highest mean larval 
populations of 6.3 and 6.4 larvae/ m2 were observed in 45 and 12 standard weeks, 
respejctively. Minimum and maximum temperatures showed a positive correlation 
with both larval and adult populations oiH. armigera, while relative humidity showed 
a negative correlation. Maximum parasitization by C chlorideae was observed in 4 
standard weeks. Parasitization declined from 44* to 50'*' standard weeks. Minimum 
and maximum temperatures showed a negative correlation and relative humidity a 
positive correlation with parasitization. 
Life Table Studies 
Life-table is a table of statistics of probability of life. It provides essential 
information regarding the schedule of mortality for a known cohort of individuals. 
They are one of the most usefiil tools in the study of insect population dynamics. 
These tables record a series of sequential measurements that reveal population change 
throughout the life cycle of a species in its natural environment. When these 
measurements are related to the several causes of mortality, the life-table forms a 
budget of successive processes that operate in a given population (Harcourt, 1969). 
Pearl and Parker (1921) were the pioneers to study life-tables for insect 
populations of Drosophila melanogastra and Tribolium confusum, they were followed 
by life insurance agencies (Dublin and Lotka, 1925). The life expectancy of small 
animals (Leslie and Ranson, 1940), birds (Park, 1948) and laboratory culture of 
insects (Birch, 1948, 1953 a, b ; Howe, 1953) were also deah with later. Leopold 
(1933) studied natural populations. The classical publication of Pearl and Miner 
(1935) for lower organisms and "Life-tables for natural population of animals" by 
Deevy (1947) are some of the initial works. Later, Ito (1959), Slobodkin (1962), 
Morris (1963), Witter et al. (1972) Southwood (1978) dealt with life-tables and the 
importance of key factors providing means of identilying the potential role of 
parasitoids and predators in regulating the pest population. Their efforts were 
followed by Atwal and Singh (1974) on Chilo partellus a pest of maize, Bilapate et al. 
(1979) on Helicoverpa armigera on different food plants, on Tryporyza nivella (Roy 
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and Bains, 1983), Metasyrphus corolla (Sharma and Bhalla, 1992), C. 
Septempunctata (Singh et al, 1994) and Spilosoma obliqua (Rizvi and Pathak, 1998). 
The fecundity of Helicoverpa in the range of 1000 to 2000 eggs is more 
cominon (Shanower et al, 1993). Studies on the innate capacity of increase in the 
number oi Helicoverpa armigera were carried out by Patel and Koshiya (1999) at a 
constant temperature of 26±rC on pigeon pea pods. An increment of the population 
with infinitesimal value of 0.1365 and finite rate of 1.147 females/female/day with a 
net reproductive rate of 427.94 was found which led to the completion of one 
generation in 46.06 days. In the previous years, i.e. in 1997 and 1998, they carried out 
the same experiment and at the same temperature of 26±1°C but on different hosts viz. 
Lucerne, Soybean, Sunflower and Pearl millet and computed the net reproduction rate 
of//, armigera as 206.35,432.06,489.23 and 374.01, respectively. 
Sharma and Yadava (2000) found the net reproductive rate (Ro), mean length 
of generation (Tc), intiinsic rate of increase (e™)^  ranged from 142.14 to 268.63, 
39.12 to 45.22, 0.1180 to 0.1385, 1.125 to 1.148 and 2.565 to 3.016, respectively on 
different chickpea genotypes. The life table showing age specific survival (U) and 
fecundity (mx) for female of Helicoverpa armigera revealed the shortest time span in 
immature stage in C-235 and longest in BG-1027, with respect to the check P-256. 
Jallow and Matsumura (2001) investigated the effects of a range of constant 
temperatures (13.3- 32.5°C) on the development of all stages of Harmigera reared on 
tomato. A thermal constant of 51 degree-days above a threshold of 10.5 was required 
for the development of eggs. The larval stage required 215.1 degree-days and the 
pupal stage 151.8 degree-days above 11.3°C and 13.8 °C development thresholds, 
respectively. 
Population density of//, armigera on rose flowers in central India indicated a 
maximum infestation level of (95%) with a pest density of 31 larvae/5 flowers during 
winter (Jan-Mar), and a minimum of 6% infested flowers with 4-5 larvae/5 flowers 
during summer (June-Aug) and 0 % infestation in November with the number of 
larvae linearly and significantly associated with flower infestation level, was 
advocated by Gahukar (2002). 
According to Reddy et al. (2004) the age specific life tables for Harmigera on 
sunflower revealed that the period II (10 days after hatching) larvae are more 
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vulnerable to natural mortality factors, the highest survival rate being observed in the 
adult stage. The population doubling time (DT) was 6.107 days with a potential 
fecundity of 387.29 eggs. 
Durairaj et al. (2005) discussed the intricate relationship between H. armigera 
and its host plants (i.e. cotton, pigeon pea and chickpea) and the effect of landscape 
patterns on the population dynamics oiH. armigera in India. 
ZengXiang (2005) studied the life table of the cotton bollworm, Helicoverpa 
armigera based on the demographic parameters, its population dynamics was 
simulated using Markov chain Monte Carlo method. The simulation results showed 
that cotton bollworm population dynamics was very complicated. Although original 
survived larvae were same, after several generations or life history stages, the 
population density of cotton bollworm varied enormously, ranging fi^om slight 
occurrence to outbreak. The simulated results suggest that uncertainty exists in some 
extent to make long-term forecast of the bollworm dynamics. 
A life table study of H. armigera was conducted on natural diet to know the 
successive age-intervals, rate of mortality, life expectancy etc on cotton by Jeyakumar 
et al. (2005). The percent mortality in big larvae (43.5%) was high followed by small 
larvae (41.3%), pupae (20.7%) and egg (14.0%). The mortality factors at different 
stages were identified as fungus, parasitism, NPV and unknown factors. 
Sonawane et al. (2007) studied the life fecundity tables of H. armigera 
constructed on squares/bolls ofBt and non Bt cotton. In non Bt cotton, 75 adults and 
in Bt cotton, 8 adults emerged successfully from a cohort of 100 eggs. The net 
reproductive rate was 416.84, the finite rate of increase (X) was 1.1371 females per 
female per day, the mean generation time (T) was 46.58 days and intrinsic rate of 
natural increase (rm) was 0.1293. In Bt cotton, the net reproductive rate (Ro) was 
47.05, which was very less as compared to non Bt Cotton. Life table studies showed 
that only 12 out of 100 larvae could manage to survive up to last instar and the adult 
emergence was restricted to nearly 8 per cent in Bt Cotton. 
Song et al. (2007) conducted experiments to analyze the effect of adult 
feeding on the fecundity and oviposition pattern of moths, and larval performance. 
The results showed that the four traits viz total number of eggs, egg mass, egg hatch 
and female lifespan increased when the moths were fed with nutrients. 
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Acharya et al. (2007) studied the reproductive rate (Ro) of Helicoverpa 
armigera was 376.01 representing total female birth with a mean length of generation 
(To) 42.99 days was determined on cotton. The population increase with intrinsic rate 
of increase (rm) was 0.1379 and finite rate of increase (lambda) was 1.1489 
females/female/day. On reaching stable age distribution, the population comprised 
mainly of immature stages and further life at the time of adult emergence, was 
reduced fi-om 16.38 to 1.75 days. 
Pandey and Tripathi (2008) examined development, survival, fecundity, 
progeny sex ratio (PSR) and age-specific life-table parameters of the parasitoid 
Campoletis chlorideae Uchida (Hymenoptera: Ichneumonidae) at six different 
constant temperatures (12, 17, 22, 27, 32 and 37 °C) in the laboratory [70% RH and 
10:14 h (light:dark) photoperiod]. Second instar larvae of Helicoverpa armigera 
(Hubner) (Lepidoptera: Noctuidae) were reared on chickpea {Cicer arietinum L.) and 
used as the host. A reciprocal relationship between temperature and longevity was 
observed in the range of 12-17 °C. The maximum mortality of pupae (71.8%) 
occurred at 37 °C. The analyses of life-table parameters, developmental rates, 
reproduction, mortality and PSR suggest that maximum population growth is near 27 
T . There was little variation observed in most of the desired qualities of C. 
chlorideae in the range of 17-27 °C, and it appears that the parasitoid is adapted to a 
wide range of temperatures. 
In a study by Naseri et al. (2009), the longest and shortest life expectancy (Cx) 
o{Helicoverpa was recorded to be 44.22 and 35.98 days on two soyabean cultivars 
Gorgan3 and BP when studied at 25±rC with 65±5% RH and 16:8 (L:D) hour at the 
beginning of life. 
Management oi Helicoverpa armigera 
During the ancient time, human had to live with and tolerate the ravages of 
insects and other pests but gradually he learned to improve his condition through trial 
and error experiences. Over the centuries farmers developed a numbers of 
mechanical, cultural, physical, biological and chemical control measures to minimize 
the damage caused by phytophagous insects. Chinese used chalk and wood ash for 
control of insect pest and arsenic to control garden pests (900AD). Saxena (2005) 
reviewed the current status on managing H. armigera in chickpea. The monitoring of 
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population, bio-ecology and control (using cultural, biological and chemical methods, 
resistant cultivars and plant extracts) of the gram pod borer were described. 
Tomar et al. (2004) observed sequential sampling plans being essential in 
effective implementation of integrated pest management (IPM) of young larva of H. 
armigera in chickpea. In these studies, the larval population d2 (upper critical limit) 
represent the economic threshold limits (ETL) when control measures become 
necessary. These ETL values are often first recorded at 50% flowering or pod 
initiaition stage of the crop, when the larval population caused the maximum yield 
loss. 
(a) Synthetic chemicals 
From 1975 to 1985, the main insecticides used against Helicoverpa armigera 
were from Chlorinated hydrocarbons, Organophosphates, and Carbamate group like 
Carbaryl, Quinalphos, Monocrotophos, Methyl parathion, Fenthion and Endosulphan. 
During the mid-80's synthetic pyrethroids namely Fenvalerate, Cypermethrin, and 
Deltamethrin were introduced which gave significant control ofH. armigera and also 
augmented crop-yields. As a result of continuous harvesting of good yield, the 
farmers became liberal in use and as such resorted even up to 15-30 rounds of 
insecticidal application/season on cotton. This was the starting point of resistance 
development in Helicoverpa against most of the traditional insecticides in general and 
synthetic pyrethroids in particular. Management of Helicoverpa became more and 
more difficult. In the late 80's pyrethroid resistance was relatively low at 3 to 11 folds 
in North India as against 6500 folds in the South. But later in 1992, high level of 
resistance in Helicoverpa was reported against pyrethroids in cotton and pulses and 
the consumption of pyrethroids dwindled after 2000. Fortunately, new insecticides 
belonging to different groups with their varied mode of actions like Indoxacarb, 
Spinosad, Emamectin benzoate were introduced during and after 2001 for 
Helicoverpa management in India. These molecules, because of their excellent 
control, changed the insecticide usage pattern against Helicoverpa. Pulses, being a 
rainfed crop showed good acceptance of Indoxacarb and Spinosad, by increasing their 
consumption during 2001-2004 and during this period there was a reduction of about 
32 % in the consumption of generic molecules. 
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Singh and Sharma (2003) conducted an experiment to identify the effective 
chemicals for controlling H. armigera in chickpea cultivar Gaurav, under the dryland 
conditions of Jammu. The highest economic returns of Rs 13 771, 12 578, 11 800 and 
11 543 were obtained in plots treated with Quinalphos, Endosulfan, Cypermethrin and 
Methyl Parathion, respectively. The highest cost: benefit ratio was obtained in plots 
treated with Methyl Parathion (1:13.7) followed by Endosulfan (1:11.8), Quinalphos 
(1:10.9) and Cypermethrin (1:8.1). 
Shah et al. (2003) under took a field study to compare the efficacy of 
cypeimiethrin 10 EC, endosulphan 35 EC, lambdacyhalothrin 2.5 EC and 
Chlorpyriphos 40 EC against the larval population of the gram pod borer in 
Faisalabad, Pakistan. They found chlorpyriphos as the most effective treatment with 
the extrapolated biomass of 56.34 kg/treatment and 14.20 kg grain yield/ treatment. 
The use of insecticidal mixtures having either Cypermethrin or Alphamethrin 
with Chlorpyriphos or Quinalphos as their components could be best utilized to avoid 
or delay the development of resistance and the control of the pest under field 
conditions. Dhingra et al. (2003) had investigated mixtures of synthetic pyrethroids 
and organophosphates against the third instar larva of H armigera. The LC50 values 
revealed Ducord and Anaconda as the most toxic one among other mixtures viz. 
Nurelle, Virat, Nagata, Polytrin, Koranda and Spark. Yadava et al. (2003) determined 
the relative toxicity of four synthetic pyrethroids, viz cypermethrin, deltamethrin, 
fenvalerate, fluvalinate along with endosulfan by bioassay method against 1 to 2 days 
and 8-9 days old larvae of//, armigera using dry film technique. On the basis of LC 
50 values, Deltamethrin was the most toxic one and endosulfan the least. The order of 
toxicity was found to be as: deltamethrin> cypermethrin> fluvalinate> fenvalerate> 
endosulfan. Baruah and Chauhan (1996) reported the order of toxicity against H. 
armigera as deltamethrin > cypermethrin > fenvalerato endosulfan. 
Ramasubramanian and Regupathy (2004) studied the pattern of cross-
resistance in Lambdacyhalothrin and Betacyfluthrin selected populations of 
Helicoverpa armigera (Hub.) for fourteen consecutive generations that resulted in 
2.58 and 3.01 fold increase in their susceptibility, respectively. Continuous selection 
enhanced the resistance level to the extent of 6.77and 7.14 fold to the respective 
pyrethroids. The pattern of cross resistance studied in F9 and F14 generations revealed 
that the population selected for resistance to one pyrethroid extended resistance to 
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Other four pyrethroids tested, probably due to the enhanced level of MFO-mediated 
mechanism. There was no cross resistance against Endosulfan because of differential 
site of action (picrotoxinin site, as of cyclodienes) than that of pyrethroids (with 
voltage sensitive sodium channels as their site of action). 
Geremew et al. (2004) evaluated four bioassay techniques for insecticide 
resistance monitoring in H. armigera (Lepidoptera: Noctuidae) to investigate 
resistance to the field rates of profenofos, endosulfan and lambdacyhalothrin using 
adult vial, topical application, square dip and larval immersion techniques. It was 
found that LD50 values of lambdacyhalothrin in the third instar topical bioassay was 
0.18 microg/g body weight, in the square dip test. Lambdacyhalothrin (Karate) was 
obseived to yield 99.33% larval death at eight-times lower dose (6.25x10-5 g a.i/ml) 
than the field rate. In larval immersion experiment lambdacyhalothrin gave 98.33% 
kills at eight-time lower dose. 
Balikai (2005) evaluated some newer insecticidal formulations for their 
efficacy against the chickpea pod-borer. On spraying each treatment twice at 15 days 
interi^ al commencing fi-om 50% flowering, Cypermethrin 5+Acephate 45 DF at 400g 
a.i/ha with 14.3, 16.6 and 16.8% pod damage were found to be equally effective and 
gave 59.8, 53.4 and 52.8% protection to the crop against its borer. The highest seed 
yield of 10.0 q/ha was harnessed by Cypermethrin 5+Acephate 45 DF at 425 g a.i/ha 
with 88.7% increased yield over the imtreated control. 
Kathuria et al. (2005) had compared the toxicity of different insecticides 
against H. armigera and revealed a 46-fold resistance with Cypermethrin and 6- fold 
with endosulfan, respectively with Cypermethrin gaining a LC50 value of 178.6 ppb 
and proving the most toxic one among Endosulfan, Fenvalerate, Quinalphos and 
Monocrotophos. 
Murray et al. (2005) studied Helicoverpa armigera to the reduced efficacy of 
some older insecticide groups (pyrethroids and carbamates). Indoxacarb and spinosad 
at rates 50% or less of the registered rates for cotton were consistently superior to 
other tested products across the range of crops treated and provided residual 
protection for up to 14 days. The insect growth regulator compound, 
methoxyfenozide, was slower acting than other products tested, but demonstrated 
potential for H. armigera management. 
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Gehan et al. (2006) reported that the appHcation of non-traditional compounds 
such as thiamethoxam (neonicotinoid group) or indoxacarb (oxadiozine group) 
significantly reduced the larval population of Helicoverpa armigera by 76% with 
methoxyfenozide (non-steroid ecdysone agonist) providing satisfactory control. 
Ahmad (2008) unveiled the potentiation between pyrethroid and 
orgaiiophosphate insecticides in resistant field populations of cotton bollworm 
Helicoverpa armigera (Lepidoptera: Noctuidae) in Pakistan by using a leaf-dip 
bioassay. Chlorpyrifos potentiated lambdacyhalothrin in one population but had an 
additive effect in the other. A strong potentiation of pyrethroids by ethion in some 
populations indicates that esteratic detoxification is a key mechanism involved in 
imparting resistance to pyrethroids in H. armigera. 
(b) Botanicals 
During the course of evolution, plants have developed effective counter 
measures to withstand the herbivores. Many classes of plant proteins and secondary 
plant substances have been shown to have toxic or antimetabolic effect on insects and 
have also been proposed as possible candidates for genetic engineering. A common 
feature of many of these compounds is that they have a chronic rather than an acute 
toxicity on insects and their effects are less dramatic than those of the synthetic 
insecticides. Retardation of insect development, slower rate of insect population 
grov/th and reduced fitness of surviving insects would allow a much wider window 
within which interventions can be successfully employed. This will help to generate 
greater confidence in the IPM among farmers, who normally prefer complete pest 
control based on chemical pesticides. Current attitudes in the world concerning food 
safety and environmental quality have raised the general public's interest in alternative 
(non-synthetic pesticide) pest control agents of plant origin. Botanical insecticides are 
naturally occurring insecticidal compounds derived from plants. They are processed 
into various forms which include: 
• Preparations of crude plant material 
• Plant extracts or resins, and 
• Pure chemicals isolated from plants. 
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Botanical insecticides are promising alternatives for use in insect management. 
Plant species are rich source of natural chemicals viz. alkaloids, phenolics, 
glucosinolates, which are also some secondary metabolites e.g. terpenoids, flavonoids, 
and acetogenins (Parmer and Devkumar, 1993) and several of them have shown to 
possess diverse biological effects on insect-pests. However, like conventional 
synthetic insecticides, botanicals have advantages and disadvantages and should be 
judged accordingly. The major bottlenecks being poor raw material base, lack of agro 
technology, high cost of collection and processing, product standardization etc which 
need to be tackled. 
Simwat and Dhawan (1992) reported the insect growth regulatory effect and 
insecticidal property of Karanj oil against H. armigera. Apart from neem, various 
other plant species also show promising insecticidal properties. 15 acetogenins 
including annonin (squamocin), neoannonin and related 4 other acetogenins were 
found to be toxic against insects, when extracted from Custard apple (Annona 
squamosa) by Rao et al. (1999) and tested against Castor semiloopper, Achoeajanata 
and gram pod borer Helicoverpa armigera. Annona concentrate solvent based 2.5 EC 
@0.025% was effective antifeedant. The potential insecticidal activities of methanol 
extracts from 18 species of medicinal plants were tested against 3"* instar larvae of 
Egyptian cottonworm {Spodoptera littoris). All extracts were toxic and clear 
conelation existed between weight increase, quantity of ingested food, and the 
quantity of excrements pointing towards its antifeedant properties (Pavela and 
Chermenskaya, 2004). Neem, karanj and tobacco formulations were ftirther tested by 
mixing in the semi-synthetic diet at the time of compounding and their morphogenetic 
effects on 3-day-old larvae of H. armigera. The treatments of diets with benzene 
extract (0.2%), chloroform extract (0.025%), ethyl acetate, methanol, and butanol 
extracts (0.05% and 0.2%)), neem seed kernel extract 6 -10 %, Green mark and neem 
guard 0.4-0.8%), neem oil 2-6%, Karanj oil 6% and nicotine sulphate 0.3-0.4%o 
resulted in 100% mortality in different developmental periods. The maximum larval 
duration 28.9 days with minimum pupal weight 145.6 mg was observed with 
methanol extract at 0.025 % (Bajpai and Sehgal, 2003). The same year they also 
tested their oviposition behavior at Pantnagar, and showed that methanol and 
chloroform extracts of neem seed kernel and nicotine sulphate were very effective 
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whereas water extract of neem oil was effective only at higher concentration (Bajpai 
and Sehgal, 2003) 
Kaushik and Kathuria (2005) observed growth inhibition, prevention of 
molting, production of smaller larvae and reduced number of pupal emergence in the 
larvae fed with mustard cake powder. The larval weight on the 7* day was 4.5, 2.3 
and 6.3 mg with mustard cake powder, neem oil and neem cake treatment, 
respectively as against 110 mg in control, with significant mortality counts at pupal 
stage. Kaushik and Kathuria (2005) further evaluated the crude leaf extracts of 
Eucalyptus camaldulensis and Tylophora indica for their antifeedency against 
Helicoverpa armigera. The methanol extracts inhibit feeding the most, the ethanol 
extracts reduce by 50% with EI50 of 6.9% for E.camaldulensis and 2.8% for 
Tylophora indica. They advocated crude alkaloids fi"om T. indica and crude tannins 
from E.camaldulensis to be potent in reducing the larval feedings. 
Botanical pest control is a distinct possibility in the subtropical countries 
which are endowed with the bio-diversity of such plants. Reena and Singh (2007) 
screened the biology of H. armigera by the extracts and fractions of Pongamia 
pinnata seeds (both mature and immature) by pod dip and spray method. As for result, 
mature seeds proved better in altering the biology and the increase or decrease was in 
a dose-depended maimer. 2% mature seed hexane fraction proved the best and 
immature seed acetone fraction (0.5%) was the least effective one and was on par 
with control. The male female ratio did not follow any set pattern. Reduction was 
more when they were sprayed on to the larvae thus proving their contact action. 
Morale et al. (2000) noted prolonged larval and pupal period when fed on karanj oil 
(1%) treated cotton. 
The insecticidal and biological activity of Rhizomes of ginger (Zingeber 
officinale) on H. armigera was investigated by Singh et al. (2006) on cotton balls 
treated with its methanol extract and its fractions. Its adverse effects on larval duration 
(12-18.33 days), larval weight (302-492 mg), pupation, adult emergence and larval 
mortality, consumption and utilization efficacy and food deterrence effect was 
revealed. The saponin and methanol extract of M indica was more effective to cause 
percent antifeedency (Al 50 value=7.14%), larval growth inhibition and inhibition of 
nonnal adult development against H. armigera than hexane and aqueous extracts, as 
reported by Loganathan et al. (2006). 
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Botanicals under present study and their medicinal backgrounds 
Mucuna cochichinensis or velvet bean is an annual climbing vine that grows 
3-18 m in height and is indigeneous to tropical regions especially Africa, India and 
the Indies. This plant belongs to Fabaceae family and produces the cluster of mucuna 
beans. Ambasta (1986) reported that the related species such as M. prurienns and M. 
hracteta possessed some insecticidal properties. It is a constituent of more than 200 
indigenous drug formulations (Murthy and Mishra, 2009) involving P-sitosterol as the 
most prevalent phytosterols. The seed pods of Mucuna pruriens are covered with 
reddish hairs that are easily dislodged and can cause severe skin irritation. These 
stinjging hairs of seed pods contain the phytochemical mucunain which cause the 
irritation. The main phytochemicals present in velvet bean includes alkalyl 
alkylamines, arachidic acid, behenic acid, betacarboline, sitosterol, bufotenin, 
cysteine, dopamine, fatty acids, gallic acid, genistein, glutamic acid, glutathione, 
histidine, isoleucine, lysine, oleic acids, mannose, mucunadine, nicotine, serotonin, 
stearic acid, riboflavin, threonine, trypsin,valine, tyrosin, valine and vemolic acid. 
Traditionally velvet bean has been used as nerve tonic for nervous system disorders. 
The phytochemical study of the seeds of another species Mucuna monosperma DC 
revealed the presence of flavonoids, steroids and triterpenoids and the compounds 
acacetin, luteolin, b-sitosterol, stimasterol, ursolic acid and betulinic acid (Mallaiah et 
ai, 2008). Mohan et al. (1995) also reported the presence of amino acids viz. 
isoleucine, tyrosine and phenyl alanine in this genus. Almost all parts of the plant are 
reported to contain L-3,4-dihydroxy phenylalanine (L-Dopa), a non-protein amino 
acid that acts as precursor for the neurotransmitter dopamine (Vibha et al., 2009). 
Crataegus crenuleata (Syn. Pyracantha crenuleata) is an ornamental shrub or 
small tree, distributed in Himalyas in dry localities, from Kashmir to Bhutan 
(excluding Sikkim), alt-700-2400 m. It is a member of Maloideae family and is 
reported to be astringent, sedative, cardiotonic, diuretic, stomachic and antispasmodic. 
The extract of leaves, flower and fruits containing flanonoids showed inhibitory effect 
on activity of guinea pig heart phosphodiesterase. The young leaves are used as a 
substitute for tobacco. The leaves contain Vitexin-4'-RHamnoside, vitexin, quercetin, 
hyperoside, dimeric leucoantho-cynidide and epi-catechin and triterpene acids. 
Crataegus crenuleata contains Pyracrenic acid named as 3B (3, 4-
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dihydroxycinnamoyl)-oxylup-20(29)-en-oic acid. The acid exhibited anti-
inflammatory activity by the formation of granulated tissue. 
Peltophorum vogelianum also belongs to the family Fabaceae, subfamily 
caeselpinioideae, of the order Fabales and class Magnoliopsida. It is a deciduous tree 
growing to 15-25 m tall, with a trunk diameter of up to 1 m. The leaves are bipinnate, 
30-6- cm long, with 16-20 piimae, each pinna with 20-40 oval leaflets. The flowers 
are yellow, 2.5-4 cm diameter, produced in large compound racemes upto 20 cm long. 
The fruit is a pod 5-10 cm long and 2.5 cm broad, red at first, ripening black and 
containing one to four seeds. Trees begin to flower after about four years. Members of 
this family have medicinal or insecticidal properties. For instance residue of Derris 
has insecticidal and pesticidal properties, and its leaves, flowers, bark, seeds, and sap 
has medicinal properties. The gum of Peltophorum africanum is reputed to be 
poisonous. Its bark is chewed to relieve colic and a variety of stomach disorders such 
as diarrhoea and dysentery and to get rid of intestinal parasites. Steam from a hot bark 
decoction is applied to sore eyes and, in serious cases, it is dropped into the eyes. The 
powdered decorticated root is applied to wounds to hasten healing, and a decoction is 
taken by mouth or gargled to freat sores in the throat. The roots are also boiled in 
water and used as an enema. Leaves are boiled and the steam directed into the mouth 
to relieve toothache. The bark of Peltophorum pterocarpum can be used in the 
fermentation of palm wine and it also has medicinal properties though it serves as a 
host for lac insects. (ECOCROP.) 
Rubiaceae is the coffee family which is the fourth largest angiosperm family 
and comprises nearly 650 genera and 13000 species (Delprete, 2004 and Govaerts et 
al, 2006) dwelling in almost all habitats. These species included trees, shrubs, lianas 
and herbs with the characteristic stipules and inferior ovules. Cyclotides, which are 
disulfide rich peptides or mini-proteins with the unique structural feature of head to 
tail cyclized backbone and a knotted arrangement of three-disulfide bond , called as 
cyclic cystine knot (CCK) motif (Craik et al., 1999),are reported to occur in 22 
species of Rubiaceae family with 3700 species potentially containing cyclotides 
(Gnaber et al., 2008). Anthocephalus cadamba is also included in this study which 
belongs to the rubiaceae family. The partially purified extracts of Anthocephalus 
cadamba showed good bioefficacy in terms of adulticidal, ovicidal, and ovipositional 
deterrent activities against Callosobruchus chinensis (Prakash et al, 2008). Sahu et 
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al. (2000) isolated two triterpene glycosides from the bark of cadamba defined as 
glycoside A (3-0-[a-L-RHamnopyranosyl]-quinovic acid-28-0-[P-D-glucopyranosyl] 
ester and glycoside B (3-0-[P-D-RHaninopyranosyl]-quinovicacid-28-0-[P-D-
glucopyranosyl] ester respectively. Earlier the pentacyclic triterpenic cadambagenic 
acid i.e. 18a-olean-12-en-3P-ol-27,28-dioic acid was isolated by Sahu (1974) from its 
bark. Bahadur et al. (1966) listed a number of essential oils from A.cadamba as 
linalool, geraniol,geranyl acetate,linalyl acetate, camphene,myrcene, P-phellandrene, 
terpinol,p-cymol, 2-nonanol, a-bergamottin, a-selinene, curcumene and some 
unidentified fractions. Agusta et al. (1998) exfracted the chemical composition of its 
bark by maceration in a methanol-chloroform mixture (1:1) followed by evaporation, 
which on fiirther separation with hexane, chloroform, ethyl acetate and methanol 
yielded the steroids as sitostenone, 3P-ergost-5-en-3-ol, y- sitosterol, stigmasterol and 
4,22-cholestadiene-3-one and P-sitosterol. 
The genus Xylosma longifoUum is a large genus of shrubs and frees is chiefly 
distributed in most of the tropical and subfropical region. About four species occur in 
India. The Xylosma species are reported to possess medicinal properties such as 
Xylosma japonica is used to heal jaundice, serofiila, sore and tumours, as 
desulfiirizing agent and as a deminozide agent. Xylosma longifoUum commonly 
known as khandhara is found to resemble opium in its action and is used with it for 
house pests and fences. Medical importance of X. longifoUum prompted us to carry 
out the comprehensive investigation of the leaves of X. longifoUum. The secondary 
metabolites from Xylosma species include benzoylated phenolic glucosides e.g. 
xylosmacin, xylosmin and poliothyrsoside, catchol, syringing, salirepin, tachioside 
and the newly reported RHyncoside. (Ren Xu et al, 2008) from X. controversum. 
Further from X. flexuosome, glycosides reported were salireposide, polipthrysoside 
and 2' benzoylpoliothyrsoside (Gibbons et al, 1995). 
Asparagaceae is a monogeneric family, which was previously included in the 
Liliaceae, comprising of 100 species (w3-TRO-PICOS,2000) and includes herbs, 
shnibs and vines widespread in the Old worid. Asparagus falcantus, in our study 
witliholds this family. The extract of A. falcantus possessed a high biological activity 
relative to the level of RIA (Radio immunoassay) positive material being mixtures of 
the parent ecdysteroid (20E or PonA) and a co-eluting conjugate (Dinan et al, 2001). 
(c) Biopesticides and Natural enemies 
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1. Biopesticides 
Mistry et al. (1984) reported that five sprays of HaNPV @ 250 LE/ha has 
given control of this pest on chickpea. Similarly, among different doses, the highest 
test dose of 1.5x1 o'^  POB/ha has proved to be the best in reducing the pest population 
and increasing the marketable yield of tomato. Treatment of chickpea with HearHVW 
at 1.5 X lO'^  p.i.b/ha was as effective at controlling H. armigera larvae and 
increasing yield with respect to endosulfan or Bacillus thuringiensis as control as 
reported by Cherry et al. (2000). Greenhouse experiment was conducted by Sireesha 
and Kulkami (2002) to know the efficacy of different NPV formulations @ 2.4 x lo' 
against 2"'* instar H .armigera larvae on sunflower. Oil formulations @ 2.4 x 10^  ^ 
FOB /ml were found significantly more effective than aqueous (@ 2.4 x lo^ ^  FOB 
/ml) wettable powder (@ 6 x 10^  FOB /g) and dust formulations (@ 6 x lo'' FOB /g). 
Kalia and Chaudhari (2004) investigated the baculovirus infection of the 
American bollworm through the tracheal system. Topical application of HaNFV 
dissolved in alkaline solution did not encounter maturation immunity that is 
associated with oral inoculation immunity. The incubation period was reduced to 2-3 
days when HaNFV suspensions were applied to thoracic spiracles as against 5 days in 
oral inoculations, marking the rapid spread of the virus infection. 
Joshi et al. (2006) evaluated HaNFV for the management of the pod borer 
against tomato and found that the highest test dose of 1.5 x 10 FOB/ha proved the 
best in reducing the pest population, yielding a highest marketable yield of 101.25 
q/ha of tomato. 
Mehrvar et al. (2007) studied the stability of crude and semi-purified extracts 
of NFV isolates of Helicoverpa armigera under simulated sunlight as under the UV 
light of 280-400 mm. The percent larval mortality of Helicoverpa armigera larvae 
due to crude extracts of all isolates was significantiy higher than semi-purified 
extracts. Larval body fluid and debris in the crude extracts of the isolates probably 
acted as a UV protectant and increased the larval mortality in significant proportions. 
So, retention of some quantity of larval debris in the formulation, in fact, enhances the 
activity of virus on host plants. 
Shankar et al. (1992) evaluated Biobit {Bacillus thuringiensis var kusrtaki) 
against Helicoverpa armigera in pigeonpea and found that biobit @ 1 kg/ha was as 
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good as Cypermethrin (0.02 %) and the doses of 1 and 1.5 kg/ha were encouraging in 
checking pod borer damage. Balasubramanian et al. (2002) compared the efficacy of 
Bacillus thuringiensis var galleriae (Spicturin) with cartap against the pod borer in 
chickpea and found significant reduction in the larval population with Spicturin @ 2 
lit/ha followed by Cartap 50 % SP @ 2.5 kg/ha. Chandrashekar et al. (2005) reported 
the baseline susceptibility of//, armigera against the toxicity of Bt and its Cry toxins 
in relation with temperature regime and insect acclimarion. It was revealed that an 
increase in ambient temperature (about 10 °C) increased the susceptibility to Bacillus 
thuringiensis var kurstaJd HD-73 by 7.5 fold. 
Lawo et al. (2008) used genetically modified {Bt) crops expressing 
lepidopteran-specific Cry proteins derived fi^om the soil bacterium Bacillus 
thuringiensis. Bioassays were conducted to understand the interactions between a 
Cry2Aa-expressing chickpea line, either a susceptible or a Cry2A-resistant H. 
armigera strain, and the entomopathogenic fiingus Metarhizium anisopliae. 
Resistance to Cry2A did not cause any fitness costs that became visible as increased 
susceptibility to the fiingus. On Bt chickpea leaves, susceptible H. armigera larvae 
were more sensitive to M. anisopliae than on control leaves. It appeared that sublethal 
damage induced by the B. thuringiensis toxin enhanced the effectiveness of M. 
anisopliae. For Cry2A-resistant larvae, the mortalities caused by the fiingus were 
similar when they were fed either food source. The findings suggest that Bt chickpeas 
and M. anisopliae are compatible to control H. armigera. 
2. Natural enemies 
Mansfield et al. (2003) studied the impact of ant predation of Helicoverpa 
armigera population in cotton crops. The predation rate by Pheidole species was 
approximately 10 times greater than by Iridomyrmx species, Paratrechina species and 
R. metallic did not prey upon. Extrapolation of data to 24 hour suggests a rate of 
approx 3% eggs /24 hrs for Pheiodole species and less than 1% eggs/24 hrs for 
Iridomyrmx species. 
Kulat et al. (1999) investigated the feasibility of using Trichogramma chilonis 
Ishii by mass-release method to control H. armigera infesting chickpea. It was 
revealed that none of the 1763 eggs collected during the growing seasons of 1994-
24 I P a g e 
9(fview of Literature 
96&oin chickpea was parasitized. Shirazi (2007) studied the developmental period of 
the female progeny of T. chilonis and found it to be shorter on eggs of its factitious 
host Corcyra cephalonica as compared to its natural host Helicoverpa armigera. The 
number of male progeny emerged was higher on C. cephalonica eggs though number 
of malformed male progeny was significantly higher on H. armigera eggs. 
Bisane et al. (2008) also reported the parasitization of larvae and pupae of 
Helicoverpa armigera (Hubner) on cotton. Br aeon sp. was noticed from 37th to 41st 
MW^  to the extent of 10.53% (37th MW) and Chelonus sp. started their activity fi-om 
38"" to 40* MW with maximum in 39*^  MW (6.06%). These parasitoids contributed 
neai- about two-thirds of total mortality of early instar larvae. Further, they found the 
parasitization of//, armigera (Hubner) on pigeonpea by the ichneumonid, Campoletis 
chlorideae to be active in December (16.67 per cent) and parasitism by a Braconid, 
Bracon sp., noticed from 45th to 47th MW and 50th MW, was up to an extent of 7.89 
per cent. 
Bhat et al. (2009) recorded 8 Hymenopteran and 1 Dipteran parasitoids and 3 
insect predators as the natural enemies of// armigera firom Kashmir Valley. Out of 
these, Campoletis chlorideae, Diadegma fenestralis [Diadegma fenestrale], Charops 
bicolor, Euplectrus euplexae, and Microplitis sp. and Eriborus sp. are thought to be 
new records of// armigera parasitoids from Kashmir Valley. 
3. Combination products 
As botanical preparation and microbials are fast replacing synthetic 
insecticides, there's an increasing tendency among farmers to mix them up to 
strengthen the prospects of biocontrol. The influence of host plant resistance on the 
efficacy of NPV and quinalphos as mortality factors in H.armigera populations on 
chickpea was examined by Cowgiil and Bhagwat (1995) who found independent 
relationship between all the three factors. Bioefficacy oi B.t products namely Delfin 
{B.t.\2LX kurstaki), Spicturin (5.f.var galleriae) and Agree {B.t.v&x kurstaki+aizawai), 
each at 1%, in combination with botanicals were checked by Venkadasubramanian 
and David (1999) against Helicoverpa armigera and Spodoptera litura. Bt products 
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were significantly inferior to palmarosa oil which caused 91.2% mortality of H. 
armigera larvae. In combinations, delfin + palmarosa oil recorded the highest 
mortality of 96.48%. 
Biopesticides and their combinations were effective in reducing the larval 
populations next only to chlorpyriphos @1.001/ha by Loganathan et al. (2000) which 
recorded the lowest larval population of Helicoverpa armigera, followed by (the 
indigenous liquid) Bacillus thuringiensis var galleriae, Spicturin @ 2.001/ha + 
HalSlVW and Spicturin @ 1.501/ha + //ctNPV three days after each application. The 
cost benefit ratio was higher in chlorpyriphos 1.001/ha (1:3.50) followed by HaN?Y 
@ 1.5xl0'^ POB/ha individually (1:3.32), Spicturin @ 1.001/ha (1:2.18) and Spicturin 
@ 1.001/ha + /faNPV (1:2.07). 
Bhatt and Patel (2002) evaluated bio-pesticides viz. Bt, NPV and botanicals 
(neembicidine, tobacco snuff decoction) alone and in combination with insecticides 
(Fenvalerate, Endosulfan, monocrotophos). They found Endosulfan 0.035%+ //aNPV 
250 LE/ha, Fenvalerate 0.005% + T/aNPV 250 LE/ha and Endosulfan alone superior 
fi-om the rest treatments. 
Gowda et al. (2004) compared biointensive and pesticide-based IPM modules 
with the untreated control to evaluate the effects of different integrated pest 
management (IPM) practices and intercropping systems on the pod borer {H. 
armigera) of chickpea. Intercropping of chickpea with safflower, especially in a 6:1 
ratio, reduced pod damage and increased chickpea yield compared with the chickpea-
wheat system. 
Nath and Chakravorty (2004) evaluated the efficacy of nimbecidine 
(Azadirachta indica formulation) (0.2%), RD 9 Repelin {A. indica formulation) 
(1.0%), NSKE (neem seed kernel extract) (5.0%), Bacillus thuringiensis subsp. 
kurstaki formulations Biobit (1.5 kg/ha) and Delfin (2 kg/ha), HaNPV {H. armigera 
nuclear polyhedrosis virus) (250 LE) and endosulfan (Thiodan 0.07%) against H. 
armigera infesting chickpea. Two sprays each of Ha'NVY and endosulfan resulted in 
the lowest population of H. armigera (0.55/m row length, on average). The lowest 
average levels of pod (6.17%) and seed (9.10%) damage, and the highest average 
yield (18.92 quintal/ha) were obtained with 2 sprays of endosulfan. 
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Balakrishnan et al. (2004) studied the efficacy of Trichogramma chilonis Ishii 
in combination with some biopesticides viz HoNPV, Bt.var kurstaki (Halt WP) and 
Beauveria bassiana, which revealed that two releases of T. chilonis (6.25 cc/ha) at 45 
and 60 DAS with two sprays oi B.tk @kg/ha, 90 and 120 DAS recorded the highest 
yield with least damage on squares,bolls and loculi in rainfed cotton ecosystem. 
Singh and Ali (2005) conducted a study during rabi 1999-2000 and 2000-01 at 
Faizabad, Uttar Pradesh to evaluate the efficacy of Helicoverpa armigera nuclear 
polyhedrosis virus {HdH?Y) at 250, 350 and 450 LE/ha, Bacillus thuringiensis (Bt) at 
1%, neem seed kernel extract (NSKE) at 5% and endosulfan at 0.07% against H. 
armigera infesting chickpea cv. K-850. Maximum larval mortality was recorded in 
endosulfan (85%), followed by Bt formulation (80%) and HoNPY at 450 LE/ha 
(75%). NSKE was the least effective treatment. The highest yield was obtained in 
endosulfan (25 q/ha), followed by /faNPV at 450 LE/ha (23.66 q/ha) and Bt 1% (24 
q/ha). 
Kambrekar and Kulkami (2005) evaluated five isolates of nuclear 
polyhedrosis virus of Helicoverpa armigera (Hubner) (//aNPV) under field 
conditions. The least pod damage (8.26%) was recorded in the recommended control 
(RC) comprising four fortnightly sprays, starting 30 days after sowing, with 
profenofos (Curacron 50EC; 2 ml/litre) followed by neem seed kernel extract (NSKE) 
5%, //flNPV (250LE/ha) and monocrotophos (Monocil 36SL; 1.25 ml/litre). 
Kulkami et al. (2005) further evaluated different biopesticides against 
Helicoverpa armigera on chickpea cv. ICCV-2. Treatments comprised: Beauveria 
bassiana (0.5, 1.0 and 1.5 g/litre). Bacillus thuringiensis (Bt), Nomuraea rileyi (0.5, 
1.0 and 1.5 g/litre), Metarhizium anisopliae, nuclear polyhedrosis virus (NPV), 5% 
neem seed kernel extract (NSKE) and 1 ml monocrotophos/litre. Among the 
biopesticides, NPV recorded the highest grain yield (8.25 q/ha), followed by N. rileyi 
(7.44 q/ha) and M. anisopliae (7.42 q/ha), while M. anisopliae recorded the lowest 
pod damage (18.06%), followed hyN. rileyi (18.64%) and NPV (20.07%). 
Sachan et al. (2005) conducted a field experiment during rabi 2002-03, at 
Bareilly, Uttar Pradesh, to evaluate the efficacy of nuclear polyhedrosis virus (NPV) 
against H. armigera on chickpea cv. Pusa 256. NPV + monocrotophos was identified 
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as the best treatment, with the lowest pod damage (6.20%) as well as the highest pod 
yield (20.50 q/ha), with a net profit Rs 14 115/ha and benefitrcost ratio of 6.8. 
Gowda and Yelshetty (2005) carried out a field studies using commercial 
formulations of microbial agents (bacteria, fiingi and virus) for the management of//. 
armigera on chickpea (Cicer arietinum) cv. Annigeri-1. Bacillus thuringiensis {Bt) 
formulations (Delfin at 1500 g, Biolep at 1500 g. Halt at 2000 g and Bt var. kenyae at 
1500 g/ha), Ha nuclear polyhedrosis virus {HdH?W\ at 250 LE/ha) and Beauveria 
bassiana (Dispel L at 5000 ml and Basina at 5000 g/ha) were tested in replicated trials 
and the results were compared with that of the untreated control and endosulfan 35 
EC (at 1000 ml/ha) by recording pod damage and grain yield. The percentage pod 
damage did not vary among the treatments. The highest grain yield of 10.36 q/ha was 
recorded in Z/aNPV -treated plots followed by Bt var. kenyae (9.40 q/ha) and Halt 
(8.70 q/ha). 
Prabhuraj et al (2005) conducted a field experiment at Raichur, Kamataka, to 
evaluate the effect of Heterorhabditis indica in combination with other 
entomopathogens and botanicals against H. armigera (Hubner) in chickpea 
ecosystem. Pooled data on per cent larval reduction after two sprays revealed that the 
highest reduction of 47.63% was achieved in chlorpyrifos/quinalphos (0.04/0.05%) 
treatment at seven days after spraying. However, sequential application of H. 
indica+Pongamiapinnata (1.0 lakh IJs+2.5%) and// indica+Prosopisjuliflora (1.0 
lakh IJs+10%) recorded maximum yield (1.96 and 1.83 kg/plot, respectively) with 
minimum pod damage (10.9 and 11.5%, respectively). Thus, there is a scope for 
integ;ration of H. indica with Pongamia pinnata and Prosopis juliflora for the 
effective management of chickpea pod borer. 
Visalakshmi et al (2005) carried out an investigation on the effect of various 
integ^ -ated pest management (IPM) components on H. armigera and their impact on 
natural enemies present in chickpea during 1998-2000 cropping seasons in 
Patancheru, Andhra Pradesh. Application of neem effectively reduced the oviposition 
by / / armigera throughout the cropping period. The integration of various IPM 
components was found to be the best in reducing the pod damage (10.4%) with 
highest grain yield (1264.4 kg/ha) with 58.5% increase in yield over control (797.9 
kg/ha). The highest cost-benefit ratio (1:3.01) was obtained in plots treated with IPM. 
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Verma and Lai (2006) advocated that bioproducts (i.e plant extracts Aloe 
barhadensis and Nicotiana tabacum and whey) when considered singly, were 
comparatively much less effective, while the combination of whey/lassi + Aloe 
barbadensis + Nicotiana tabacum was quite effective, perhaps due to their synergistic 
effect for which behaved closer to endosulfan (0.005%) in efficacy. 
Singh et al. (2006) also tried different modules of integrated pest management 
(EPM). Among the modules tested, the 3 sprays of endosulfan was found the most 
effective in controlling gram pod borer (6.83% pod damage), resulting in the 
maximum grain yield (2489 kg/ha). This was followed by the module of neem oil-
HaNPV-endosulfan (7.92% pod damage and 2267 kg/ha yield). The cost benefit ratio 
(CBR) varied fi-om 0.17 to 6.97. The spray of neem oil and //aNPV alternated with 
endosulfan was also found effective against the pest with a CBR of 1:2.92. 
Singh and Yadava (2006) assessed the efficacy of ten treatments comprising 
of three modem insecticides viz indoxacarb, spinosad and carbosulfan, one 
conventional insecticide (Endosulfan), two Bt based biopesticdes (Halt and Biolep) 
and three neem based formulations (Nimbicidine, Neemarine and Achook) against the 
pod- borer in pigeonpea. The study revealed that indoxacarb gave the best result 
among all the treatments with 5.20 % pod damage and 1435.55 kg/ha grain yield. 
Among biopesticides, Halt was foimd superior to Biolep and significantiy superior to 
neem based formulations. The crop sprayed with Halt received 24.23 percent grain 
yield. Among neem family, nimbicidine received highest percent yield increase over 
control i.e 85.88%.The maximum profit was received fi"om Indoxacarb which gave a 
benefit of Rs. 18.82 against investment of one rupee. 
Bhalkare et al. (2007) determined the cost-effective combinations of microbial 
insecticides {H. armigera nuclear polyhedrosis virus or HaN?Y and Bacillus 
thuringiensis subsp. kurstaki), plant product (neem seed extract), and reduced 
insecticide rate for the management oiH. armigera on chickpea (cv. Chaffa). Pooled 
data on percent larval reduction after the second spray revealed that HaNPV 
alternated with endosulfan (0.07%) at 15 days after spraying (92.61% larval 
reduction) and mixed spraying of HaNVW with 50% of the recommended rate of 
endosulfan (88.16%) recorded the highest grain yields (18.47 and 17.97 quintal/ha, 
respectively) and HaN?W alternated with endosulfan (0.07%) registered a cost benefit 
ratio of 1:10.14. 
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Gupta et al. (2007) studied three strains of NPV, isolated from infected larvae 
of host insects and compared the pathogenecity/speed of kill of various isolates in 
term of median Lethal Dose (LD50) and median Lethal Time (LT50) in a bioassay by 
diet plug method to select a candidate isolate for field potential in tomato and 
chickpea against H. armigera. The candidate virus was found compatible with the 
recoimmended insecticide endosulfan, Bacillus thuringiensis and egg parasitoid, 
Trichogramma pretiosum in combined as well as sequential manner. 
Among neem oil, citronella oil, karanj oil, cottonseed oil and sesamixm oil, 
Bi.A: 0.2% + neem oil 5% recorded the highest feeding inhibition in Spodoptera litura 
reared on Castor leaves, as reported by Babu et al. (2007). 
Gupta (2007) carried out a study on chickpea {Cicer arietinum cv. JG-322) to 
find out the efficacy Of indigenous products against the incidence of gram pod borer, 
H. armigera. The results revealed that indigenous products, garhc+red pepper (0.5, 
1.0%), cow butter milk (4-8%), buffalo butter milk (8%) and biological insecticide. 
Bacillus thuringiensis (0.2%) were highly effective and statistically at par with 
chemical pesticides quinalphos (0.05%) and cypermethrin (0.01%). The incremental 
cost benefit ratio was highest with garlic+red pepper extract -0.5% (19-4) and cow 
butter milk 4% (19.3). 
Sharma et al. (2007) conducted demonstration and validation of the IPM-
module for H.armigera and effectiveness of different components, namely HdHVW 
alone, Ha^VW + endosulfan, endosulfan alone, neem extract, intercrop effect on eggs 
and larvae of H. armigera including floral and pod damage, compared to that of 
farmer's practice (FP). IPM plots yielded significantiy higher (17.4 q/ha) than FP 
(9.89 q/ha). Cost-benefit ratio was also quite favourable in IPM (1:4.79) compared to 
that of FP (1:2.37). The economics of grain yield revealed that cultivation of 
coriander as intercrop was the best treatment with the highest yield (1.17 t/ha) and 
cost:benefit ratio (CBR) of 1:6.3 followed by application of endosulfan alone 
resulting in an yield of 1.05 t/ha and CBR of 1:6.1. 
Tiwari and Sehgal (2007) evaluated the field efficacy of insecticides 
(endosulfan, monocrotophos, cypermethrin, deltamethrin and fenvalerate) 
individually and in combination with Bacillus thuringiensis var kurstaki (Bt) Berliner 
on H. armigera. The chickpea crop was sprayed twice in both the years with the 
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respective insecticides when pest population exceeded the economic threshold level. 
Among the tested chemicals, cypermethrin+5^ var kurstaki, cypermethrin, 
deltamethrin+5/ var kurstaki and Bt var kurstaki were found significantly superior 
over rest of the treatments and two years data clearly showed that insecticides in 
combination with Bt var kurstaki were found highly effective in increase in grain 
yield and in reducing larval population and pod borer damage. 
The pesticidal properties of the plant extracts of Parthenium hysterophorus 
was compared with Biovirus H™ (HaNPV) by UUah et al. (2007) and at similar 
concentrations HaNFV ranked higher in rate of mortality but the botanical was 
cheaper and thus recommended as an IPM tool. 
Pandey and Ujagir (2008) conducted a field trial to determine the effect of 
coriander, linseed and barley as intercrops in chickpea on H. armigera incidence and 
yield. In general, all the three intercrops were found to be effective in reducing the 
egg count and larval population. Overall, mean number of egg count varied from 
minimum of ll/m^ in chickpea+coriander (2:1) and chickpea+barley (4:2) to the 
maximum of 37.7/ m in chickpea sole crop. The reducing effect of intercropping on 
egg count was more pronounced when chickpea and coriander were grown at the row 
ratio of 2:1. This suggested that both egg and larval counts of ^. armigera could 
significantly be reduced if chickpea was intercropped with coriander at 2:1 ratio. The 
higliest pod borer damage (90.6%) was recorded in chickpea sole crop, which was 
significantly suppressed with the introduction of intercrops. Mean equivalent grain 
yield in intercropping combinations ranged fi-om maximum of 886.8 kg/ha in 
chickpea+coriander (4:2) to minimum of 188.9 kg/ha in chickpea sole crop. 
Prasad et al. (2008) found the efficacy of test insecticides in the order: 
oxydemeton methyl (0.06%) > NSKE (5%) > neem oil (2.5%) > Vanguard (2.5%) > 
neembecidine (2.5%) > karanj oil (3%) > Achook (2%) in terms of reducing the 
incidence of Dasyneura lini and H. armigera. 
Gowda et al. (2008) conducted a field study for evaluation of different IPM 
modules for the management of pod borer, using tolerant (ICC 506) and susceptible 
(Anjiigeri 1) genotypes. The results indicated significantly higher number of good and 
total pods, and lower number of damaged pods and percent pod damage in ICC 506 
than Annigeri 1. 
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Kale et al (2008) evaluated the efficacy of chemical and biological control 
treatjnents against H. armigera on cowpea (cv. Chaffa). The treatments consisted of: 
Bacillus thuringiensis subsp. kurstaki (Btk; 2x108 spores/ml) at 750 ml/ha + H. 
armigera nuclear polyhedrosis virus [^aNPV; 2x109 POB (polyhedral occlusion 
bodies)/ha] at 250 LE/ha (SI); Btk at 750 ml/ha (S2); Btk at 750 ml/ha + HaN?W at 
250 LE/ha + endosulfan at 0.06% (S3); endosulfan at 0.06% + Btk at 750 ml/ha + 
HaN?y at 250 LE/ha (84); neem seed kernel extract at 5% + Btk at 750 ml/ha + 
HaN?Y at 250 LE/ha (S5); Btk at 750 ml/ha + //aNPV at 250 LE/ha + spinosad at 50 
g a.i./ha (S6); spinosad at 50 g a.i./ha + 5fA: at 750 ml/ha + //aNPV at 250 LE/ha (S7); 
and untreated control (88). Endosulfan (control) and 85 recorded the lowest 
cumulative average larval population and highest grain yield. 
Wakil et al. (2008) tried to set up trends in integrated pest management 
strategies for the control ofH. armigera on chickpea and found that the application of 
Steward proved most effective when applied alone, with 0.41 larvae/plant, pod 
infestation of 9.31% and the highest grain yield (1203.66 g/plot) however the further 
integration of weeding and hand picking reduced the larval population (0.12 
larvae/plant) with minimum pod infestation (5.45%) on variety CM-2000 and resulted 
in the maximum yield of 1260.33g/plot. The cost benefit ratio with Steward alone was 
1:2.20 and with impregnation of weeding and hand picking, it rose to 1:3.53. 
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MATERIAL AND METHODS 
The present studies were conducted both under controlled conditions in the 
Department of Plant Protection and at the experimental fields of the Faculty of 
Agricultural Sciences, AMU, Aligarh (India) for two cropping seasons 2006-07 and 
2007-08. 
Experimental location: Geographically, Aligarh is situated at 27°54' North 
78°05' East and at an altitude of 187.45 meters above the mean sea level. 
Climate: The summer is generally very hot and dry with maximum 
temiperature upto 48°C and the winter is cold and dry with minimum temperature 
plummeting to 2°C. The mean annual rainfall is 60 to 100 mm. The topography is flat 
and monsoon prevails fi^om mid-June to mid-September. 
Soils: The soil of the experimental field is illitic fine sandy loam. Its physico-
chemical properties include 61% sand, 25% silt, 14% clay and 0.41% organic matter. 
The soil water ratio is 1:2.5 and pH lies between 7.3 to 8.1. 
Field Preparation: Standard agronomic practices were adopted to raise the 
crop. Chickpea is highly sensitive to soil aeration, so a well aerated rough and loose 
seed bed was ensured for good germination. Ploughing was done with soil turning 
plough followed by two cross ploughing with harrow. Planking the field after 
ploughing broke the clods. For manuring and fertilizing, recommended doses of 
Diaimmonium phosphate (DAP) [(NH4)2HP04], Urea [(NH2)2CO] and Farmyard 
manure (FYM) were employed. Thinning was practiced to maintain density of plant 
required for the study. 
Layout and Design: Experiments were laid out in a Randomized Block 
Design (RBD) in three replications. The row to row distance was maintained at 45 cm 
and plant to plant was 12 cm with a seed depth of 10 cm for both the experimental 
years. 
Dates of Sowing: For the two successive cropping seasons 2006-07 and 2007-
08, the data were collected from chickpea on three dates of sowing viz., is"'Oct, V' 
Nov and 15 Nov, till harvest of the crop. 
MateriaCamfMetHods 
Screening of cultivars 
Plant source: A total of 55 cultivars of chickpea obtained from the Indian 
Institute of Pulses Research, Kanpur, India were screened for their 
resistance/tolerance against Helicoverpa armigera. 
Data Collection: On the basis of nature of damage caused by H. armigera, the 
incidence of pod borer was recorded on randomly selected five plants from each 
replication. The following parameters were considered to pen down the observations: 
(a) Plant Height: It was measured from the base of the plant to the apex of its 
terminal leaflet. In each plot, five randomly selected plants were tagged to record the 
observations at 60, 70, 90 and 100 days after sowing (DAS). 
(b) Number of larvae per plant: The larval count/plant was recorded from 
five tagged plants, randomly selected and rephcated thrice from each germplasm. 
Observations were taken for each experiment, sown on different dates, coinciding 
with active vegetative and pod formation stages. The average larval population/plant 
for each germplasm was calculated by using the following formula: 
^ =(Xi+X2+X3+-. . ) /N 
Where, 
N= Total number of plants 
^ = Means per plant 
X|, X2, X3.. = Number of observations per plant 
(c) Total number of pods: Total number of pods of five randomly selected 
plants in each plot, replicated thrice, was counted. 
(d) Total number of damaged pods: Total number of damaged pods of five 
randomly selected plants in each germplasm was counted and replicated thrice at 7±1 
day's interval. 
(e) Per cent pod infestation: The following formula was applied to calculate 
per cent pod infestation: 
Pod-infestation Percentage = B/A x 100 
Where A=Total pods (damaged+ undamaged pods) 
B = Damaged pods 
Yield: After harvest, plants were kept on the threshing floor to get them dry, 
subsequently threshing was done, seeds were collected and weighted in grams. 
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Construction of Life Tables 
Maintenance of Stock Culture of Helicoverpa armigera (Hubner) 
To maintain the culture of H. armigera, approximately 200 larvae were 
collected from the field, brought to the laboratory and reared individually in plastic 
vials (10 cm in diameter and 20 cm in height), covered with muslin cloth and 
tightened with rubber bands. These vials were kept in BOD incubator having 26 ±1 °C 
coupled with 60 ± 5% relative humidity. At the end of the final instar, each jar was 
provided with 2.5 cm layer of sand for pupation. After emergence, male and female 
adults were kept for mating in jars and were fed with 10% honey solution till death. 
(a) Under Laboratory Condition 
To obtain same aged eggs of the pest, 10 pairs of both sexes of the moth 
obtained from the culture were kept inside the oviposition chamber (14 cm in 
diameter and 19 cm in height) sealed at the top with a fine muslin mesh. After 72 
hours, the eggs laid were collected and allowed to hatch, thereafter 100 one-day old 
larvae were used for life table studies. 
Newly emerged larvae were transferred individually to petri dishes (8 cm 
diameter x 2 cm height) with the help of a fine camel's hairbrush. Fresh chickpea 
leaves as well as pods with developing seeds were provided as food. Since larvae 
were cannibalistic, they were individually reared in separate rearing jars (10 cm in 
diameter and 20 cm in height). The food of larvae was changed daily. The hygienic 
condition of the rearing jars was also maintained and the excreta was not allowed to 
mix up with the food. The initial instars were provided with tender apical leaves of the 
plant and thereafter with an advancement of the age of the larvae, pods along with 
leaves were also provided. The larvae stopped feeding just before entering into pre-
pupal stage and started wandering in search of a site for pupation. Such larvae were 
allowed to pupate in the rearing jar by providing small amount of sand (1.5 cm layer) 
along dried chickpea leaves. The development duration of each stage was recorded as 
and when the stage was changed from one to another till adult emergence. Throughout 
the observation period, larval mortality or mortality in subsequent developmental 
stages, if any, on each day was also recorded. 
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While constructing female fertility table, ten females of different age groups 
obtained from age specific life table study were paired in egg laying jars and provided 
with 10% honey solution and provided with a strip of black muslin cloth/paper to 
facilitate egg laying. The muslin cloths bearing the eggs were replaced daily by 
another peace of muslin cloth. The egg count laid by individual female was recorded 
daily. This process was continued till the female deposited eggs and died. Sometimes 
eggs were also found stuck to the walls of the jar. In such case, the eggs were counted 
directly and removed from such surface by soft camel hair brush. Eggs so obtained 
from females were placed in separate petri dishes to study their viability in terms of 
per cent egg hatching and incubation period in days. Honey solution (10%) kept in 
small beaker assisted with a wick to facilitate feeding, was provided as food for adults 
in individual rearing jar. 
(b) Under Natural Environment 
One day old 100 larvae collected from stock culture in batches of 25 each 
were transferred to chickpea plants which were seeded in earthen pots. The pots were 
covered with covered with individual nylon 60 mesh cages measuring 2m lengthx Im 
widthx 1.5 m height. The observations on their survival and mortality in captivity 
were noted down daily. When the larvae became 10 days old, they were reared 
individually in captivity in 35x25 cm nylon 60 mesh cages. The larval mortality, if 
any, was recorded daily till pupation. Some larvae started wandering and left the pots 
for their pupation into soil or within crevices in pot soil. The pupal mortality was 
determined on the basis of adults emerged. The adults so obtained were allowed to 
feed naturally till their death to record their longevity and average natality from 
randomly selected 10 pairs of adults of different age groups. 
Based on observations, the following life tables were constructed: 
a. Age specific life-table (Deevy, 1947) 
b. Stage specific life-table (Harcourt, 1969 and Southwood, 1978) 
c. Age specific survival and fertility-table (Birch, 1948 and Southwood, 1978) 
3.2.1. Age Specific Life-Table 
Observations on number of alive and dead out of hundred larvae were 
recorded daily. The following assumptions were used in the construction of age 
specific life-table. 
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X = Age of the insect in days. 
Ix = Number surviving at the beginning of each interval, out of 100 
dx = Number dying during the age interval, out of 100 
lOOqx - Mortality rate at the age interval x and calculated by using formula 
100qx-[dx/lx]xlOO 
Cx = Expectation of life or mean life remaining for individuals of age x 
Life expectation was calculated using the equation 
ex = Tx/ Ix 
To obtain Cx two other parameters Lx and T x were also computed as below. 
Lx = The number of individuals alive between age x and x + 1 and calculated by the 
equation. 
Lx = lx+l (x+l ) /2 
Tx = The total number of individual of x age units beyond the age x, and 
obtained by the equation; 
Tx = lx + ( l x + l ) + (lx + 2 ) + lw. 
Where, Iw = The last age interval. 
3.2.2. Stage Specific Life-Table 
Data on stage specific survival and mortality of eggs, larvae, pupae and adults 
were recorded from the age specific life-table. Following assumptions were used to 
compute stage specific life table. 
X = Stage of the insect. 
lx = Number surviving at the beginning of the stage x. 
dx = Mortality during the stage indicated in the column x. 
The data calculated through above assumptions were used for computing 
various life parameters as given below: 
411 P a g e 
!Materia[aiuf!Metfiods 
3.2.2.1. Apparent Mortality (100 q,) 
The apparent mortality is the measured mortality which involves the numbers 
dying as a percentage of the numbers entering that stage. It was calculated by using 
the formula: 
Apparent Mortality = [dx / Ix] x 100 
3.2.2.2. Survival fraction (S,) 
Data obtained on apparent mortality was used for the calculation of the stage 
specific survival fi^action (Sx) of each stage by using the equation: 
Sx of particular stage = [Ix of subsequent stage] / [Ix of particular stage]. 
3.2.2.3. MortaUty Survivor Ratio (MSR) 
It is the increase in population that would have occurred if the mortality in the 
stage, in question had not occurred and was calculated as follows: 
MSR of particular stage = [Mortality in particular stage] / [Ix of subsequent 
stage] 
3.2.2.4. Indispensable Mortality (IM) 
This type of mortality would not be there in case the factor (s) causing it is not 
allowed to operate. However, the subsequent mortality factors operate. The equation 
is, : 
IM = [Number of adults emerged] x [M.S.R. of particular stage] 
3.2.2.5. k-values 
It is the key factor, which is primarily responsible for increase or decrease in 
number from one generation to another and was computed as the difference between 
the successive values for "log Ix". However, the total generation mortality was 
calculated by adding the k-values of different development stages of the insect, which 
is designated/ indicated as "K" (Varley and Gradwell, 1960; Southwood, 1978). 
K = ke + kLi + kL2 + ku + ktA + kL5+ kL6+ kpp + k? 
Where, ke, kLi, ku, ^u, kL4, kpp and kp are the k-values at egg, first instar, 
second instar, third instar, fourth instar,fifth and sixth instars, pre-pupal and pupal 
stage, respectively. 
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3.2.3. Age Specific Survival and Fertility-Table 
Ten females of different age groups obtained from age specific life table study 
were paired in egg laying jars and provided with 10% honey solution. The egg laying 
often females was counted daily till all of them died. Age specific survival of female 
and the number of un-hatched and hatched eggs were also recorded for two successive 
generations under controlled and natural environment. 
The fertility table was constructed with the following assumptions: 
a. The survivorship rates were assumed to be the same for both the sexes, as it was not 
possible to identify the sexes prior to the adult stage. 
b. Ttie sex could not be identified at the egg stage. Therefore a sex ratio of 1: 1 was 
considered in each batch of eggs. 
The table was constructed on the suggestions made by Birch (1948) and 
Southwood (1978). It consisted of following columns: 
X = Pivotal age of female in days. 
Ix = Nimiber of females alive at the beginning of the age interval x (as fraction 
of initial population of one). 
m^  = Average number of female eggs laid per female in each age interval 
assuming 50:50 sex ratio and computed as: 
mx = Nx/2 
where, Nx = Total natality per female off springs in each age. 
Besides mx total number of female off springs in each age interval i.e., female 
eggs lay in an age interval (x), Ix.mx was also computed by multiplying the column Ix 
with mx. This is also termed as 'Reproductive expectation'. 
A number of parameters were computed from the age specific survival and 
fertility life-table of female. These include: 
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3.2.3.1. Potential Fecundity (Pf) 
It expresses the total number of eggs laid by an average female in its life span. 
It is obtained or calculated by adding up the age specific fecundity column, 
P f = I m , 
3.2.3.2. Net Reproductive or Replacement Rate (Ro) 
This is also referred to as the "carrying capacity" of the average insect under 
defined environmental conditions. The information on the multiplication rate of a 
population in one generation is obtained fi-om it. It is denoted as, 
Ro=lx.mx 
3.2.3.3. Mean length of Generation (T) 
It is defined as the mean period between the birth of the parent and the birth of 
their off springs. This period is a weighed approximate value since the progeny is 
produced over a period of time and not at a definite time. Calculation followed the 
method suggested by Dubin & Lotka (1925) 
T = I [lx.m.x.x] / 2 [lx.mx] 
3.2.3.4. Intrinsic Rate of Increase (r) 
It is also denoted by V or 'rm' or 'r^ ax' and called as 'biotic potential'. It is 
defined as the instantaneous rate of increase of a population in a unit time under a set 
of ecological conditions (Birch, 1948). An estimate of the intrinsic rate of increase (r) 
can be calculated by using the following equation: 
(i) r = [Loge Ro] / T (for rough estimation) 
(ii) e'^ '.lx.mx = 1 (for accurate estimation of r) 
Where, Ro represents net reproductive rate and 'T' represents mean length of 
the generation. 
For an accurate estimate of 'r'. Birch (1948) introduced some approximation 
to the method to minimize the experimental errors in the formula suggested by Lotka 
(1925). This is as under: 
I e"'Mxmx.dx = 1 Lotka (1925) 
e""^  lx.mx = 1 Birch (1948) 
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3.2.3.5. Time (DT) 
It is defined as the time required for the population to double and is calculated 
as follows: 
DT = Loge 2/r 
3.2.3.6. Finite Rate of Increase (X,) 
It provides the information about the fi-equency of the population 
multiplication in a unit of time (Birch, 1948). It is denoted as 
Taking log on both sides we get; 
loge ?t = loge e' 
where, A, = Antilog e*^  
This was used for computing the rate of increase of population per year. 
3.2.3.7. Annual Rate of Increase (ARI) 
This can be calculated from the intrinsic rate of increase (r) or finite rate of 
increase (k) or doubling time (DT) or the net reproductive rate (Ro) assuming that the 
rate of increase was constant throughout the year. 
ARI = 365 = e^ ^^ ' = 2^"^^ = R o ' " ^ 
Seasonal Incidence of Helicoverpa armigera 
Pheromone traps with helilures (Z-9-hexadecenal and Z-11-hexadecenal) 
obtained fi-om Biotech Internationals, New Delhi, India, were used to observe the 
incidence of the moth in the field. A total of three traps were installed 30m distantly 
aparl; in an equilateral triangular pattern at a height of 15cm above the chickpea 
canopy. The lures were replaced with fi^esh septa every fourth week. The trapped 
moths were counted and removed daily. The weekly averaged data of the 3 trap 
catches of male H. armigera were noted down for both cropping seasons. 
Meteorological data relevant to temperature, relative humidity and rainfall 
were; obtained fi-om the Department of Physics, AMU were used for correlation and 
regression analysis to study the effect of all these parameters on the dynamics of H. 
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armigera. The statistical analysis wherever required was done by using SPSS-14 
softvs^ are. 
Management 
The following tools of management strategies were undertaken during the 
course of experimental period. 
1. Synthetic insecticides 
Three commercial insecticides, lambdacyhalothrin, endosulfan (widely used 
by farmers in the area since long) and acetamiprid +lambdacylothrin were used 
against the IV^ instar//. armigera larva and evaluated in comparison with the control. 
All the insecticidal treatments were evaluated by the leaf dip method. The details of 
each insecticide have been given in the following table. The untreated (control) was 
also maintained for the comparison. 
Sr. 
no 
1. 
2. 
3. 
4. 
Common name 
Lambdacyhalothrin 
(50g/L E.C) 
Endosulfan 35 EC 
Acetamiprid 
+Lambdacylothrin 
(10g/L + 25g/LE.C) 
Control 
Company 
Parijat hidustries (India) Private 
Limited. 
New Delhi-110048. India 
Agro Care 
D-11 & 12, Udyog Puram, Delhi 
Road, Uttar Pradesh, India 
Parijat Industries (India) Private 
Limited. 
New Delhi-110048. hidia 
~ 
Doses 
0.01 ml/L, 0.05 
ml/L, 0.07 ml/L 
and 0.09 ml/L 
0.01 ml/L, 0.05 
ml/L, 0.07 ml/L 
and 0.09 ml/L 
0.01 ml/L, 0.05 
ml/L, 0.07 ml/L 
and 0.09 ml/L 
— 
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2. Biopesticides 
Two bacterial biopesticides viz., Dipel and Lipel and two viral biopesticides, 
Helicide and an indigenous local strain were evaluated against the pod borer at five 
concentrations. The untreated (control) was also maintained for the comparison. The 
details of each bio-pesticide have been given in the following table. 
Sr. 
no 
1. 
2. 
3. 
4. 
5. 
Common name 
Bacillus 
thuringiensis var 
kurstaki 
Bacillus 
thuringiensis var 
kurstaki 
NPV Indigenous 
strain 
HaNPV 
Control(Water 
spray) 
Trade 
name 
Dipel® 
Lipel® 
Helicide® 
~ 
Company 
Abbott Laboratories 
Chemical and 
Agricultural Products 
Division 
North Chicago,IL 
60064. 
Agri Life 
154,A/5, Svcie,Ida 
Bollaram, Medak Dist, 
Hyderabad - 502325, 
Andhra Pradesh, India 
Pest Control of 
India(PCI) 
Mumbai Maharashtra, 
India 
~ 
Doses 
0.02 \iy ml, 
0.04^1/ml, 
0.06 liV ml, 
0.08 }il/ ml and 
O.lfil/ml. 
0.02 ng/ ml, 
0.04 ng/ml, 
0.06 ng/ml, 
0.08 tig/ml 
and 0.1 |ig/ml. 
0.50 LE/L, 0.75 
LE/L, 1.00 
LE/L, 1.25 
LE/L and 1.50 
LE/L 
0.50 LE/L, 0.75 
LE/L, 1.00 
LE/L, 1.25 
LE/L and 1.50 
LE/L 
~ 
Production procedure of Indigenous strain 
The harvested infected larvae from the field were thoroughly homogenized in 
ten times volume of distilled water using a blender. The homogenate was then filtered 
through double layered muslin cloth. The filtrate was then centriftiged at 500 rpm for 
10 min to remove the larval contaminants. The supernatant containing the POB was 
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decanted and the pellet was discarded. The supernatant was again centrifuged and 
spun at 5000 rpm for 15 min so that the POBs settle down in the form of white 
precipitate (pellet). This time the supernatant was discarded containing very small 
particles and a floating lipid layer. Then water was added to the precipitate to make 25 
ml volume for each 10 larvae macerated. Neubauer haemocytopmeter under light 
microscopy was used to determine the number of POBs per ml. This stock culture was 
used at different concentrations to compare with the commercially available 
formulations. 
3. Botanicals 
Collection of plant materials: Asparagus falcantus, Mucuna cochichinensis, 
Salsola fitida, Anthocephalus cadamba, Peltophorum vogelianum, Crategus 
crenuleata and Xylosma longifolium plants, collected from Forest Research Institute, 
Dehradun, State: Uttaranchal, were dried under shade, crushed and powdered. 
Preparation of extracts and compounds: To investigate the insecticidal 
properties of the botanicals, the air-dried powdered leaves (1.5 kg) of each of the 
plants under trial were extracted with alcohol and then with distilled water using 
soxhlet apparatus for 72 hrs. The alcoholic extract was further successively refluxed 
with Petrol, Benzene, Chloroform, Ethyl acetate and finally with Methanol to give 
different fractions. A class of compounds were fractionated from the extracts eg 
Vitexin (flavone), Triterpenoidic acid and Isovitexin. Triterpene glycoside, Kaemferol 
(flavonol), Quercetin (flavonol) and Flavonol glycosides. 
Laboratory Bioassay: H. armigera larvae collected from the mass culture 
were maintained in laboratory conditions. The larvae were provided fresh chickpea 
pods and leaves, and reared till they reach the fifth instar. The late instar larvae were 
starved for 6-7 hrs. The fresh weight of the larvae was noted. The doses were formed 
by adding different concentrations of extracts in distilled water in their respective 
solvents. Leaf-dip method was used for the bioassay. Chickpea pods and leaves 
dipped in the respective concentrations (0.2, 0.5, 1.0 and 2.0%), prepared for the 
different plant extracts in their respective solvents, were given as food. Twenty larvae, 
replicated thrice, were kept under observation and antifeedency, if any, was noted. 
Once pupated, the pupal weight was recorded. Any sort of abnormalities observed at 
any developmental stage was noted. The mortality, if any, after 24, 48, 72 and 96 
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hours was also recorded and analyzed statistically. Thus, the insecticidal properties of 
the fractions were analyzed through the activity shown by the exposed larvae. 
4. Natural enemies 
A minimum of 50 Helicoverpa larvae, each time, at weekly interval were 
collected from the unprotected buffer crop and brought to the laboratory to rear them 
individually in plastic jars measuring (10 cm in diameter and 20 cm in height) at 26 ± 
5°C and 65 ± 5% RH in BOD incubator. Extent of parasitization, if any, was 
detentnined on the basis of number of larvae parasitized out of the total number of 
larvae collected on different weeks during experimental period. Information collected 
on the extent of parasitism was used in adjusting the data, while constructing life 
tables under natural environment. The few emerged parasitoids were preserved and 
subsequently sent to Division of Entomology, Indian Agriculture Research Institute, 
New Delhi, India for identification. 
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RESULTS 
4.1. Screening of Chickpea cultivars 
The experiment was conducted for a total of 55 cultivars of chickpea for two 
cropping seasons 2006-07 and 2007-08 with an effort to determine the differential 
response of each cultivar with respect to tolerance and susceptibility against 
Helicoverpa armigera (Hub.) (Lepidoptera: Noctuidae) and assigning a range to them 
based on larval-population and pod-infestation. The experiment was carried out under 
the ajjro-climatic region of Aligarh, Uttar Pradesh. The results are presented in the 
following sections: 
4.1.1 Cropping season 2006-07 
Different cultivars of chickpea were grown in the experimental field of the 
Faculty of Agricultural Sciences, A.M.U and the biological properties including 
height and number of pods and insect mediated parameters such as total larval count 
and percent pod damage were measured for three consecutive sowing periods for the 
particular cropping season. 
4.1.1,1 Biological attributes: 
Height of cultivars 
4.1.1.1.1 First sowing 
Of the total 55 cultivars, 10 cultivars including IPC-2005-48 (22.68 ± 0.56 
cm), IPC-2005-65 (22.14 ± 0.56 cm), IPC-2005-36 (21.65 ± 0.56 cm), IPC-2005-76 
(21.06 ±0.59 cm), IPC-2005-64 (20.46 ± 0.55cm), IPC-2004-88 (20.32 ± 0.58 cm), 
IPC-2004-73 (19.89 ± 0.55 cm), IPC-2005-17 (19.82 ± 0.56 cm), ffC-2005-34 (19.59 
± 0.55 cm) and BG-256 (18.77 ± 0.57 cm) showed a good height measuring around 
20 cm in the very first sowing of the first experimental year. Short heighted cultivars 
dwindling between 9 cm to 12 cm included 14 cultivars viz., IPC-2005-57 (9.97 ± 
0.60 cm), IPC-2005-62 (10.25 ± 0.59 cm), lPC-2005-24 (10.26 ± 0.59 cm), IPC-2005-
78 (10.52 ± 0.55 cm), IPC-2005-45 (11.02 ± 0.54 cm), SAKI-9516 (11.02 ± 0.59 cm), 
KWR-108 (11.26 ± 0.55 cm), IPC-2005-35 (11.26 ± 0.56 cm), IPC-2005-53 (11.28 ± 
0.56 cm), IPC-2005-18 (11.98 ± 0.61 cm), IPC-2005-25 (12.05 ± 0.57 cm), IPC-2005-
69 (12.45 ± 0.55 cm), IPC-2005-16 (12.63 ± 0.55 cm) and lPC-2005-44 (12.65 ± 0.55 
cm). 
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The intermediate height of the range 14-16 cm was observed in rest of the 31 
cultivars (Table 1). 
4.1.1.1.2 Second sowing 
The cultivars IPC-2005-48 (22.53 ± 0.60 cm), IPC-2005-65 (22.35 ± 0.75 cm), 
IPC-2005-36 (22.10 ± 0.57 cm), IPC-2005-76 (21.08 ± 0.57 cm), IPC-2005-17 (20.50 
± 0.56 cm), IPC-2005-64 (20.36 ± 0.56cm), IPC-2004-88 (20.25 ± 0.57 cm) and IPC-
2004-73 (20.10 ± 0.54 cm) achieved more than 20 cm height which were significantly 
different (p < 0.05 and 0.01) from IPC-2005-57 (9.64 ± 0.57 cm), IPC-2005-62 (10.12 
± 0.57 cm), IPC-2005-24 (10.50 ± 0.57 cm), IPC-2005-78 (10.51 ± 0.57 cm), IPC-
2005-45 (10.36 ± 0.55 cm) and IPC-2005-35 (11.08 ± 0.59 cm). 
The category of intermediates among these included the cultivars IPC-2005-
61 (14.50 ± 0.59 cm), IPC-2005-74 (14.74 ± 0.58 cm), IPC-2005-56 (15.10 ± 0.54 
cm), IPC-2004-68 (15.50 ± 0.55cm), DCP-92-3 (15.74 ± 0.52 cm), IPC-2005-79 
(16.07 ± 0.61 cm), IPC-2005-30 (16.14 ± 0.55 cm), IPC-2005-72 (16.34 ± 0.56 cm) 
and rPC-2005-19 (16.52 ± 0.57 cm) (Table 2). 
4.1.1.1.3 Third sowing 
The cultivar IPC-2005-34 (21.01 ± 0.59 cm) was added in the Ust of taller 
varieties along with those already enlisted in this category in the previous sowing. 
They depicted significant differences (p < 0.05 and 0.01) with the short heighted 
cultivars such as IPC-2005-57 (10.52 ± 0.56 cm) and lPC-2005-62 (11.02 ± 0.59 cm) 
(Table 3). 
Total number of pods 
4.1.1.1.4 First sowing: 
During the first sowing, the number of pods produced on different cultivars of 
chickpea ranged from 9.59 ± 0.56 pods/plant to 139.45 ± 0.74 pods/plant. Among 
these cultivars, the maximum number of pods were recorded for IPC-2005-79 (139.45 
± 0.74 pods/plant) followed by IPC-2005-56 (126.80 ± 0.29 pods/plant), IPC-2005-65 
(124.63 ± 0.64 pods/plant), IPC-2005-30 (123.89 ± 0.79 pods/plant), DCP-92-3 
(119.48 ± 0.59 pods/plant), IPC-2005-64 (113.64 ± 0.39 pods/plant) and IPC-2005-
41 (109.48 ± 0.52 pods/plant). These cultivars were markedly different (p < 0.05 and 
0.01) from the cultivars bearing minimal pods (less than 50 pods/plant) which 
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included IPC-2005-18 (11.06 ± 0.28 pods/plant), IPC- 2005-16 (38.39 ± 0.29 
pods/plant), IPC-2005-54 (45.06 ± 0.61 pods/plant) and IPC-2005-43 (49.84 ± 0.28 
pods/plant). The lowest number of pods (9.59 ± 0.56 pods/plant) was however 
recorded on IPC-2004-68. 
The cultivars having more than 90 pods per plants were considered to be of 
intennediate type. Under this category, the cultivars included IPC-2004-83 (91.10 ± 
0.56 pods/plant), IPC-2005-28 (93.87 ± 0.28 pods/plant), IPC-2005-29 (93.67 ± 0.59 
pods/plant), IPC-2005-35 (92.45 ± 0.45 pods/plant), IPC-2005-36 (94.52 ± 0.41 
pods/plant), IPC-2005-39 (95.79 ± 1.89 pods/plant), IPC-2005-53 (90.50 ± 0.58 
pods/plant), IPC-2004-78 (93.40 ± 0.81 pods/plant), IPC-2005-74 (98.60 ± 0.44 
pods/plant), KWR-108 (90.17 ± 0.60 pods/plant) and SAKI-9516 (91.27 ± 0.56 
pods/plant) (Table 1). 
4.1.1.1.5 Second sowing 
The cultivars namely IPC-2005-79, IPC-2005-56, IPC-2005-65, IPC-2005-30, 
DCP-92-3, IPC-2005-64 and IPC-2005-41 bore maximum chickpea pods in contrast 
to ffC-2004-68, IPC-2005-16, IPC-2005-18 and IPC-2005-54 which held the 
minimum number of pods per plant (Table 2). 
4.1.1.1.6 Third sowing 
On account of the late sowing, the cultivars IPC-2005-30, IPC-2005-41, IPC-
2005-56, IPC-2005-65, IPC-2005-79 and DCP-92-3 exhibited more than 100 
pods/plant as against IPC-2004-68 and IPC-2005-54 showing less than 50 pods/plant. 
Nevertheless, the other cultivars which yielded substantial number of chickpea pods 
in the third sowing included IPC-2004-83, IPC-2005-28, IPC-2005-29, IPC-2005-34, 
IPC-2005-35 and IPC-2005-36, IPC-2005-39, IPC-2005-43, IPC-2005-53, IPC-2005-
64, IPC-2005-67, IPC-2005-69, IPC-2005-74, IPC- 2005-78, BG-256, KWR-108 and 
SAKI-9516 (Table 3). 
4.1.1.2 Insect mediated change 
Pod infestation/plant 
4.1.1.2.1 First sowing: 
The total number of damaged pods was recorded more in IPC-2004-54 (33.22 
± 0.59 pods/plant), IPC-2005-19 (26.22 ±0.17 pods/plant), IPC-2005-24 (21.52 ± 
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0.58 pods/plant), IPC-2005-25 (51.84 ± 1.07 pods/plant), IPC-2005-28 (31.57 ± 0.34 
pods/plant), IPC-2005-34 (43.44 ± 0.84 pods/plant), IPC-2005-36 (27.53 ± 0.31 
pods/plant), IPC-2005-52 (21.68 ± 0.40 pods/plant), IPC-2005-53 (24.85 ± 0.40 
pods/plant), IPC-2005-54 (21.70 ± 0.52 pods/plant), IPC-2005-59 (22.85 ± 0.57 
pods/plant), IPC-2005-62 (28.32 ± 0.73 pods/plant), ffC-2005-65 (26.61 ± 0.38 
pods/plant) and IPC-2005-74 (58.64 ± 0.70 pods/plant). 
The cultivars with less damaged pods (less than 10 bored pods/plant) included 
IPC-2003-46 (8.59 ± 0.43 pods/plant), IPC-2004-68 (2.02 ± 0.62 pods/plant), IPC-
2004-73 (8.71 ± 0.53 pods/plant), IPC-2004-88 (7.74 ± 0.16 pods/plant), IPC-2005-17 
(7.61 ± 0.54 pods/plant), IPC-2005-18 (2.96 ±0.15 pods/plant), IPC-2005-27 (4.34 ± 
0.22 pods/plant), IPC-2005-29 (7.84 ± 0.30 pods/plant), IPC-2005-30 (8.34 ± 0.23 
pods/plant), IPC-2005-44 (8.91± 0.61 pods/plant), IPC-2005-45 (8.39 ± 0.31 
pods/plant), IPC-2005-48 (9.89 ± 0.51 pods/plant), IPC-2005-57 (6.01 ± 0.47 
pods/plant), IPC-2005-67 (7.95 ± 0.56 pods/plant), IPC-2005-69 (8.22 ±1.15 
pods/plant), IPC-2005-78 (4.91 ± 0.09 pods/plant) and SAKI-9516 (8.26 ± 0.66 
pods/plant) (Table 1). 
4.1.1.2.2 Second sowing 
The following cultivars IPC-2004-54, IPC-2005-19, IPC-2005-24, IPC-2005-
25, IPC-2005-28, IPC-2005-34, IPC-2005-35, IPC-2005-36, IPC-2005-52, IPC-2005-
53, IPC-2005-54, IPC-2005-59, IPC-2005-62, IPC-2005-65 and IPC-2005-74 were 
relatively more susceptible to damage by the pod borer as compared to IPC-2003-46, 
IPC-2004-68, IPC-2004-73, IPC-2004-88, IPC-2005-17, ffC-2005-18, IPC-2005-26, 
IPC-2005-27, IPC-2005-29, IPC-2005-30, IPC-2005-45, rPC-2005-48, IPC-2005-57, 
IPC-2005-67, IPC-2005-69, IPC-2005-78 and SAKI-9516 which recorded less than 
10 infested pods per plant (Table 2). 
4.1.1.2.3 Third sowing 
During third sowing, the cultivars IPC-2005-74, IPC-2005-25, IPC-2005-65, 
IPC-2005-62, IPC-2005-34, IPC-2005-36, IPC-2005-28 and IPC-2004-54 registered 
more pod damage in comparison to the cultivars IPC-2003-46, IPC-2004-68, IPC-
2004-88, IPC-2005-17, IPC-2005-18, IPC-2005-27, IPC-2005-29, IPC-2005-30, IPC-
2005-45, IPC-2005-57, IPC-2005-67, IPC-2005-69, IPC-2005-78 and SAKI-9516 in 
exhibiting pod damage (Table 3). 
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Total number of larval count of cultivars 
4.1.1.2.4 First sowing 
7^?^^^; 
While counting the larval population in each of the cultivars a significant 
difference ip < 0.05 and 0.01) was noticed. The cultivars IPC-2004-54 registered 
maximum larval count (6.87 ± 0.70 larvae/plant) followed by IPC-2005-19 (5.37 ± 
1.21 larvae/plant), IPC-2005-25 (4.60 ± 0.70 larvae/plant), IPC-2005-28 (4.83 ± 0.46 
larvae/plant), IPC-2005-34 (6.67 ± 0.88 larvae/plant), IPC-2005-52 (6.07 ± 0.58 
larvae/plant), IPC-2005-60 (5.25 ± 0.54 larvae/plant), IPC-2005-62 (4.93 ± 1.46 
larvae/plant), IPC-2005-65 (4.29 ± 0.65 larvae/plant) and IPC-2005-74 (4 ± 1.00 
larvae/plant) (Table 1). 
The above mentioned cultivars were significantly different {p < 0.05 and 0.01) 
in their larval count fi-om the cultivars IPC-2004-73 (0.53 ± 0.29 larvae/plant), IPC-
2004-83 (0.95 ± 0.58 larvae/plant), IPC-2005-18 (0.61 ± 0.20 larvae/plant), IPC-
2005-29 (0.58 ± 0.35 larvae/plant), IPC-2005-30 (0.97 ± 0.52 larvae/plant), IPC-
2005-36 (0.33 ± 0.33 larvae/plant), IPC-2005-41 (0.97 ± 0.52 larvae/plant), IPC-
2005-66 (0.33 ± 0.33 larvae/plant), IPC-2005-68 (0.56 ± 0.56 larvae/plant), IPC-
2005-77 (0.67 ± 0.67 larvae/plant), IPC-2005-79 (0.89 ± 0.49 larvae/plant) and SAKI-
9516 (0.79 ±0.15 larvae/plant) as they could afford minimum (<1 larva/plant) attack. 
Moreover, the cultivars IPC-2005-37 (3.60 ± 0.31 larvae/plant), IPC-2005-45 (2.50 ± 
0.32 larvae/plant), IPC-2005-48 (2.10 ± 0.59 larvae/plant), IPC-2005-53 (3.60± 0.31 
larvae/plant), IPC-2005.57 (2.00 ± 0.58 larvae/plant), IPC-2005-59 (3.03 ± 0.80 
larvae/plant) and BG-256 (2.47 ± 0.29 larvae/plant) were placed in the intermediate 
category. 
4.1.1.2.5 Second sowing 
During second sowing, maximum larval count was found in the cultivar IPC-
2005-34 (12 ± 0.66 larvae/plant) which was followed by IPC-2005-62 (11 ± 0.58 
larvae/plant) and IPC-2005-45 (10.33 ± 0.88 larvae/plant). Further, eight cultivars 
namely IPC-2004-54, IPC-2005-25, IPC-2005-28, IPC-2005-52, IPC-2005-59, IPC-
2005-60, IPC-2005-65 and IPC-2005-74 also recorded more number of larval counts 
per plant. However, the cultivars which were attacked less by the pest fifteen cultivars 
v/z.,IPC-2005-17, IPC-2005-18, IPC-2005-29, IPC-2005-30, IPC-2005-36, IPC-2005-
41, IPC-2005-43, IPC-2005-57, IPC-2005-64, IPC-2005-68, IPC-2005-69, IPC-2005-
78, IPC-2005-79, DCP-92-3 and SAKI-9516 (Table 2). 
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4.1.1.2.6 Third sowing 
The cultivar IPC-2005-62 with a larval count of 17.88 ± 0.22 per plant and 
IPC-2005-34 with 17.20 ± 1.33 larvae/plant outnumbered others for having maximal 
preference of Helicoverpa larvae. Other cultivars with more larval count included 
lPC-2004-54 (15.75 ± 0.32 larvae/plant), IPC-2005-19 (15.25 ± 0.41 larvae/plant), 
IPC-2005-25 (13.09 ± 0.10 larvae/plant), IPC-2005-28 (11.11 ± 0.21 larvae/plant), 
IPC-2005-52 (13.15 ± 0.84 larvae/plant), IPC-2005-53 (10.20 ± 0.59 larvae/plant), 
IPC-2005-54 (10.68 ± 0.50 larvae/plant), IPC-2005-59 (13.14 ± 0.05 larvae/plant), 
IPC-2005-60 (11.89 ± 0.62 larvae/plant) and IPC-2005-74 (15.33 ± 0.42 larvae/plant) 
(Table 3). 
Percent pod damage 
4.1.1.2.7 First sowing: 
During this study, the maximum damage was observed for the cultivars IPC-
2005-25 (67%) which was significantly {p < 0.05 and 0.01) different fi-om those of 
IPC-2005-74 (60 %), IPC-2005-19 (52 %), IPC-2005-34 (49 %), IPC-2005-54 (48 
%), IPC-2005-24 (47 %), IPC-2004-54 (43 %) and IPC-2005-62 (43 %) (Table 1). 
The cultivars which had less than 10 % damage included IPC-2005-30 
(6.73%), IPC-2005-27 (8.35%), IPC-2005-29 (8.37%), then IPC-2005-67 (8.53%), 
SAKI-9516 (9.05%), IPC-2005-69 (9.35%), IPC-2005-78 (9.73%), IPC-2005-17 
(9.67%) and IPC-2005-57 (9.81%). 
4.1.1.2.8 Second sowing 
The percent pod damage was substantial in the cultivars IPC-2004-54, IPC-
2005-19, IPC-2005-25, IPC-2005-34, IPC-2005-54, IPC-2005-62 and IPC-2005-74. 
The cultivar IPC-2005-24 also observed less damage as compared to the early sown 
one. 
The cultivars IPC-2005-17, IPC-2005-18, IPC-2005-27, IPC-2005-29, IPC-
2005-67, IPC-2005-78 and SAKI-9516 had observed much less pod damage as 
compared to the rest of the cultivars (Table 2). 
4.1.1.2.9 Third sowing 
IPC-2005-18 observed the least percent pod damage of 5.70 % followed by 
IPC-2005-29, IPC-2005-27, IPC-2005-78 and IPC-2005~30. However the maximum 
loss has been witnessed in the cultivar IPC-2005-74 which recorded 63.24 % pod 
damage in the last date of sowing (Table 3). 
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Table 1. Screening of chickpea cultivars according to different parameters during first 
sowing in the cropping season 2006-07 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Cultivars 
(IPC) 
2003-46 
2004-54 
2004-68 
2004-73 
2004-78 
2004-83 
2004-88 
2005-15 
2005-16 
2005-17 
2005-18 
2005-19 
2005-24 
2005-25 
2005-26 
2005-27 
2005-28 
2005-29 
2005-30 
2005-34 
Plant height 
(cms) 
16.45±0.51 
(4.18) 
13.12±0.60 
(3.76) 
15.23±0.57 
(4.03) 
19.89±0.55 
(4.57) 
13.43±0.56 
(3.80) 
13.25±0.60 
(3.77) 
20.32±0.58 
(4.62) 
13.77±0.55 
(3.84) 
12.63±0.55 
(3.69) 
19.82±0.56 
(4.56) 
11.98±0.61 
(3.60) 
15.52±0.56 
(4.06) 
10.26±0.59 
(3.35) 
12.05±0.57 
(3.61) 
13.65±0.55 
(3.83) 
14.25±0.55 
(3.90) 
14.02±0.59 
(3.87) 
13.56±0.56 
(3.81) 
15.95±0.56 
(4.12) 
19.59±0.55 
(4.54) 
Total pod/pl 
58.26±0.70 
(7.70) 
76.79±0.59 
(8.82) 
9.59±0.56 
(3.25) 
50.94±0.92 
(7.21) 
52.67±0.57 
(7.33) 
91.1±0.56 
(9.60) 
61.98±0.88 
(7.94) 
57.16±0.56 
(7.63) 
38.39±0.29 
(6.28) 
78.78±0.63 
(8.93) 
11.06±0.28 
(3.47) 
50.35±0.38 
(7.17) 
45.55±0.28 
(6.82) 
77.93±0.29 
(8.88) 
73.01±1.66 
(8.60) 
51.96±0.28 
(7.28) 
93.87±0.28 
(9.74) 
93.67±0.59 
(9.73) 
123.89±0.79 
(11.18) 
89.09±0.57 
(9.49) 
Infested 
pod/pl 
8.59±0.43 
(3.10) 
33.22±0.59 
(5.85) 
2.02±0.62 
(1.72) 
8.7U0.53 
(3.11) 
10.87±0.16 
(3.45) 
12.17±0.20 
(3.63) 
7.74±0.16 
(2.96) 
10.04±1.16 
(3.31) 
13.87±0.34 
(3.86) 
7.61±0.54 
(2.93) 
2.96±0.15 
(1.99) 
26.22±0.17 
(5.22) 
21.52±0.58 
(4.75) 
51.84±1.07 
(7.27) 
11.62±0.58 
(3.55) 
4.34±0.22 
(2.31) 
31.57±0.34 
(5.71) 
7.84±0.30 
(2.97) 
8.34±0.23 
(3.06) 
43.44±0.84 
(6.67) 
Larval 
count/pl 
1.50±0.29 
(1.58) 
6.87.±0.70 
(2.80) 
1.4±0.35 
(1.54) 
0.53±0.29 
(1.23) 
1.53±0.29 
(1.59) 
0.95±0.58 
(136) 
1.00±0.58 
(1.38) 
I.47±0.27 
(1.57) 
1.33±0.88 
(1.47) 
1.03±0.61 
(1.39) 
0.61±0.20 
(1.26) 
5.37±1.21 
(2.50) 
1.67±0.33 
(1.63) 
4.60±0.70 
(2.36) 
1±0.58 
(1.38) 
1.00±0.58 
(1.38) 
4.83±0.46 
(2.41) 
0.58±0.35 
(1.24) 
0.97±0.52 
(1.37) 
6.67±0.88 
(2.76) 
Pod damage 
(%) 
14.76±0.89 
(3.97) 
43.26±0.45 
(6.65) 
20.48±5.32 
(4.56) 
17.08±0.75 
(4.25) 
20.64±0.12 
(4.65) 
13.36±0.30 
(3.79) 
12.49±0.16 
(3.67) 
19.31±0.86 
(4.51) 
36.11±0.61 
(6.09) 
9.67±0.75 
(3.26) 
26.75±0.72 
(5.27) 
52.08±0.73 
(7.29) 
47.27±1.56 
(6.95) 
66.94±0.78 
(8.24) 
15.55±0.66 
(4.07) 
8.35±0.38 
(3.06) 
33.63±0.47 
(5.88) 
8.37±0.35 
(3.06) 
6.73±0.15 
(2.78) 
48.75±0.77 
(7.05) 
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21 2005-35 11.26±0.56 92.45±0.45 19.60±0.64 1.00±0.58 21.19±0.59 
(3.50) (9.67) (4.54) (1.38) (4.71) 
22 2005-36 21.65±0.56 94.52±0.41 27.53±0.31 0.33±0.33 29.13±0.45 
(4.76) (9.77) (5.34) (1.14) (5.49) 
23 2005-37 16.25±0.54 68.88±0.57 18.26±1.13 3.60±0.31 28.95±1.41 
(4.15) (8.36) (4.39) (2.14) (5.47) 
24 2005-39 14.58±0.58 95.79±1.89 14.25±1.13 1.7±0.65 16.14±0.57 
(3.95) (9.84) (3.90) (1.62) (4.14) 
25 2005-41 17.26±0.61 109.48±0.52 11.12±0.47 0.97±0.52 10.16±0.48 
(4.27) (10.51) (3.48) (1.37) (3.34) 
26 2005-42 17.96±0.54 54.93±0.28 16.79±0.17 1.50±0.50 30.57±0.47 
(4.35) (7.48) (4.22) (1.57) (5.62) 
27 2005-43 15.28±0.59 49.84±0.28 17.12±0.95 1.13±0.46 34.33±1.71 
(4.03) (7.13) (4.25) (1.44) (5.94) 
28 2005-44 12.65±0.55 72.83±1.40 8.91±0.61 1.53±0.29 12.10±0.72 
(3.69) (8.59) (3.14) (1.59) (3.62) 
29 2005-45 11.02±0.54 59.86±0.57 8.39±0.31 2.50±0.32 14.01±0.39 
(3.47) (7.80) (3.06) (1.87) (3.87) 
30 2005-48 22.68±0.56 64.35±0.28 9.89±0.51 2.10±0.59 15.36±0.72 
(4.87) (8.08) (3.30) (1.74) (4.04) 
31 2005-52 14.28±0.59 58.15±0.65 21.68±0.40 6.07±0.58 37.28±0.29 
(3.91) (7.69) (4.76) (2.65) (6.19) 
32 2005-53 11.28±0.56 90.5±0.58 24.85±0.40 3.60±0.31 27.46±0.28 
(3.50) (9.57) (5.08) (2.14) (5.33) 
33 2005-54 13.18±0.59 45.06±0.61 21.70±0.52 1.33±0.33 48.19±1.58 
(3.76) (6.79) (4.76) (1.52) (7.01) 
34 2005-56 15.24±0.60 126.8±0.29 16.87±0.59 1.67±0.88 13.31±0.48 
(4.03) (11.30) (4.23) (1.58) (3.78) 
35 2005-57 9.97±0.60 61.38±0.78 6.01±2.65 2±0.58 9.81±0.81 
(3.31) (7.90) (3.02) (1.72) (3.28) 
36 2005-59 14.26±0.56 59.53±0.88 22.85±0.57 3.03±0.80 38.41±1.38 
(3.90) (7.78) (4.88) (1.99) (6.28) 
37 2005-60 13.36±0.56 56.21±0.57 19.49±0.73 5.25±0.54 34.68±1.40 
(3.79) (7.56) (4.52) (2.50) (5.97) 
38 2005-61 14.16±0.55 76.38±0.28 11.5I±0.32 1.33±0.88 15.08±0.47 
(3.89) (8.80) (3.54) (1.47) (4.01) 
39 2005-62 10.25±0.59 66.15±0.57 28.32±0.73 4.93±1.46 42.82±1.37 
(3.35) (8.19) (5.41) (2.40) (6.62) 
40 2005-64 20.46±0.55 113.64±0.39 13.10±0.28 1±1.00 11.53±0.22 
(4.63) (10.71) (3.76) (1.33) (3.54) 
41 2005-65 22.14±0.56 124.63±0.64 26.61±0.38 4.29±0.65 21.35±0.23 
(4.81) (11.21) (5.25) (2.29) (4.73) 
42 2005-66 15.49±0.56 87.48±0.57 15.28±0.31 0.33±0.33 17.46±0.27 
(4.06) (9.41) (4.03) (1.14) (4.30) 
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43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
2005-67 
2005-68 
2005-69 
2005-72 
2005-74 
2005-76 
2005-77 
2005-78 
2005-79 
BG-256 
DCP-92-3 
KWR-108 
SAKI-9516 
Mean 
SEM 
CD @ 5% 
CD 1% 
14.02±0.61 
(3.87) 
16.25±0.55 
(4.15) 
12.45±0.55 
(3.67) 
16.21±0.57 
(4.15) 
14.64±0.56 
(3.95) 
21.06±0.59 
(4.70) 
17.16±0.56 
(4.26) 
10.52±0.55 
(3J9) 
15.97±0.63 
(4.12) 
18.77±0.57 
(4.45) 
15.66±0.56 
(4.08) 
11.26±0.55 
(3.50) 
11.02±0.59 
(3.46) 
15.06 
0.03 
0.09 
0.12 
93.40±0.81 
(9.72) 
63.48±0.43 
(8.03) 
87.82±0.58 
(9.42) 
77.71±0.61 
(8.87) 
98.60±0.44 
(9.98) 
71.49±0.32 
(8.51) 
69.56±0.84 
(8.40) 
50.47±0.59 
(7.17) 
139.45±0.74 
(11.85) 
99.50±0.87 
(10.02) 
119.48±0.59 
(10.98) 
90.17±0.60 
(9.55) 
91.27±0.56 
(9.61) 
75.77 
0.03 
0.09 
0.12 
7.95±0.56 
(2.99) 
10.78±0.43 
(3.43) 
8.22±1.15 
(3.02) 
14.27±0.31 
(3.91) 
58.64±0.70 
(7.72) 
10.70±0.59 
(3.42) 
10.35±0.21 
(3.37) 
4.91±0.09 
(2.43) 
14.52±0.52 
(3.94) 
10.55±0.64 
(3.40) 
13.95±0.09 
(3.87) 
10.23±1.13 
(3.34) 
8.26±0.66 
(3.04) 
16.15 
0.08 
0.21 
0.28 
I.09±0.24 
(1.44) 
0.56±0.56 
(1.21) 
1.50±0.21 
(1.58) 
1.08±0.56 
(1.41) 
4.00±1.00 
(2.22) 
1.03±1.03 
(1.34) 
0.67±0.67 
(1.24) 
1.15±0.57 
(1.43) 
0.89±0.49 
(1.35) 
2.47±0.29 
(1.86) 
1±0.58 
(1.38) 
1.87±0.82 
(1.66) 
0.79±0.15 
(1.34) 
2.08 
0.17 
0.48 
0.63 
8.53±0.67 
(3.08) 
17.00±0.79 
(4.24) 
9.35±1.25 
(3.20) 
18.37±0.54 
(4.40) 
59.48±0.69 
(7.78) 
14.96±0.78 
(3.99) 
14.88±0.13 
(3.99) 
9.73±0.06 
(3.28) 
10.41±0.32 
(3.38) 
10.59±0.55 
(3.40) 
11.78±0.07 
(3.57) 
12.46±0.63 
(3.67) 
9.05±0.66 
(3.17) 
22.86 
0.11 
0.31 
0.4 
*Figures in the parenthesis are square root transformed value 
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Table 2. Screening of chickpea cultivars according to different parameters during 
second sowing in the cropping season 2006-07 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Cultivars 
(IPC) 
2003-46 
2004-54 
2004-68 
2004-73 
2004-78 
2004-83 
2004-88 
2005-15 
2005-16 
2005-17 
2005-18 
2005-19 
2005-24 
2005-25 
2005-26 
2005-27 
2005-28 
2005-29 
2005-30 
2005-34 
Plant height 
(cms) 
16.67±0.58 
(4.20) 
13.23±0.59 
(3.77) 
15.5±0.55 
(4.06) 
20.1±0.54 
(4.59) 
14±0.56 
(3.87) 
13.5±0.54 
(3.81) 
20.25±0.57 
(4.61) 
13.5±0.56 
(3.81) 
12.5I±0.59 
(3.67) 
20.5±0.56 
(4.64) 
12.33±0.59 
(3.65) 
16.52±0.57 
(4.18) 
10.5±0.57 
(339) 
12.61±0.57 
(3.69) 
13.07±0.56 
(3.75) 
13.64±0.60 
(3.82) 
14.18±0.55 
(3.89) 
13.65±0.59 
(3.83) 
16.14±0.55 
(4.14) 
20.06±0.56 
(4.59) 
Total pod/pl 
63.25±0.55 
(8.02) 
77.81±0.87 
(8.88) 
13.45±0.59 
(3.80) 
51.72±0.85 
(7.26) 
51.74±0.86 
(7.26) 
86.24±0.66 
(9.34) 
54.44±0.66 
(7.45) 
61.87±0.90 
(7.93) 
50.55±0.46 
(7.18) 
81.97±0.57 
(9.11) 
50.64±0.85 
(7.19) 
53.53±1.28 
(7.38) 
78.72±0.81 
(8.93) 
75.29±0.57 
(8.73) 
59.8±1.14 
(7.80) 
51.28±0.83 
(7.23) 
92.95±0.57 
(9.69) 
84.90±0.88 
(9.27) 
129.06±0.61 
(11.40) 
87.64±0.65 
(9.41) 
Infested 
pod/pl 
8.87±0.08 
(3.14) 
34.13±1.15 
(5.93) 
2.76±1.09 
(1.89) 
9.88±0.59 
(3.30) 
10.74±0.41 
(3.43) 
13.13±0.29 
(3.76) 
7.73±0.18 
(2.95) 
10.25±1.23 
(3.34) 
15.23±0.28 
(4.03) 
7.98±0.07 
(3.00) 
3.05±0.04 
(2.01) 
26.96±0.59 
(5.29) 
22.32±0.63 
(4.83) 
52.04±0.62 
(7.28) 
9.84±0.69 
(3.29) 
3.92±0.14 
(2.22) 
31.46±0.58 
(5.70) 
7.33±0.29 
(2.88) 
8.94±0.26 
(3.15) 
42.54±0.60 
(6.60) 
Larval 
count/pl 
3.53±0.34 
(2.13) 
9.83±0.73 
(3.29) 
2.30±0.38 
(1.81) 
4.17±0.73 
(2.26) 
2.00±0.52 
(1.72) 
4.37±0.33 
(231) 
2.10±0.59 
(1.74) 
2.07±0.55 
(1.74) 
4.20±0.44 
(2.28) 
0.73±037 
(130) 
0.80±0.42 
(1.32) 
1033±0.88 
(336) 
233±0.88 
(1.79) 
8.53±0.74 
(3.08) 
2.67±0.88 
(1.88) 
1.53±0.29 
(1.59) 
633±0.67 
(2.70) 
0.74±038 
(1.30) 
0.40±031 
(1.17) 
12.00±0.66 
(3.60) 
Pod damage 
(%) 
14.02±0.25 
(3.88) 
44.13±1.08 
(6.72) 
20.24±7.43 
(4.44) 
19.07±0.87 
(4.48) 
20.76±0.69 
(4.66) 
1535±0.49 
(4.04) 
13.70±031 
(3.83) 
16.89±130 
(4.22) 
30.15±0.82 
(5.58) 
9.74±0.13 
(3.28) 
6.15±0.19 
(2.67) 
50.47±234 
(7.17) 
2838±1.06 
(5.42) 
69.12±031 
(837) 
16.42±0.83 
(4.17) 
7.65±036 
(2.94) 
33.85±0.83 
(5.90) 
8.63±030 
(3.10) 
6.93±0.20 
(2.82) 
48.53±0.42 
(7.04) 
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21 2005-35 
22 2005-36 
23 2005-37 
24 2005-39 
25 2005-41 
26 2005-42 
27 2005-43 
28 2005-44 
29 2005-45 
30 2005-48 
31 2005-52 
32 2005-53 
33 2005-54 
34 2005-56 
35 2005-57 
36 2005-59 
37 2005-60 
38 2005-61 
39 2005-62 
40 2005-64 
41 2005-65 
42 2005-66 
11.08±0.59 
(3.47) 
22.10±0.57 
(4.81) 
17.12±0.54 
(4.26) 
14.64±0.57 
(3.95) 
17.24±0.57 
(4.27) 
18.07±0.55 
(4.37) 
15.32±0.55 
(4.04) 
12.35±0.57 
(3.65) 
10.36±0.55 
(3.37) 
22.53±0.60 
(4.85) 
14.32±0.60 
(3.91) 
12.09±0.55 
(3.62) 
13.34±0.59 
(3.79) 
15.1±0.54 
(4.01) 
9.64±0.57 
(3.26) 
14.42±0.59 
(3.93) 
13.35±0.56 
(3.79) 
14.5±0.59 
(3.94) 
10.12±0.57 
(3.33) 
20.36±0.56 
(4.62) 
22.35±0.75 
(4.83) 
15.35±0.42 
(4.04) 
87.72±0.72 
(9.42) 
94.28±0.67 
(9.76) 
72.53±0.34 
(8.58) 
88.52±0.62 
(9.46) 
99.67±0.67 
(10.03) 
55.08±0.57 
(7.49) 
90.82±0.86 
(9.58) 
67.06±1.04 
(8.25) 
60.42±0.58 
(7.84) 
59.54±0.57 
(7.78) 
55.47±0.73 
(7.51) 
93.81±0.87 
(9.74) 
48.88±0.64 
(7.06) 
107.28±0.57 
(10.41) 
54.26±0.69 
(7.43) 
63.36±0.63 
(8.02) 
54.11±1.15 
(7.42) 
71.47±0.59 
(8.51) 
68.72±0.57 
(8.35) 
107.31±0.65 
(10.41) 
115.51±0.39 
(10.79) 
75.89±1.14 
(8.77) 
22.77±0.65 
(4.87) 
27.40±0.81 
(5.33) 
19.58±0.74 
(4.53) 
14.77±1.39 
(3.96) 
10.24±0.18 
(3.35) 
17.31±0.51 
(4.28) 
16.53±0.77 
(4.18) 
10.80±0.42 
(3.43) 
9.60±0.51 
(3.25) 
9.36±0.42 
(3.22) 
21.87±0.11 
(4.78) 
27.05±0.48 
(5.30) 
21.55±0.55 
(4.75) 
17.28±0.73 
(4.27) 
6.65±0.33 
(3.07) 
22.50±0.76 
(4.85) 
19.11±0.53 
(4.48) 
11.68±0.44 
(3.56) 
29.52±0.58 
(5.52) 
13.18±0.38 
(3.76) 
27.41±0.65 
(5.33) 
14.84±0.44 
(3.98) 
2.33±0.88 
(1.79) 
0.53±0.29 
(1.23) 
4.27±0.82 
(2.28) 
2.34±0.84 
(1.80) 
0.77±0.28 
(1.32) 
1.40±0.83 
(1.50) 
0.70±0.35 
(1.29) 
2.50±0.51 
(1.86) 
3.33±0.88 
(2.06) 
2.50±0.78 
(1.85) 
8.00±0.58 
(3.00) 
4.90±0.52 
(2.42) 
4.60±0.87 
(2.35) 
1.67±0.67 
(1.61) 
0.67±0.33 
(1.28) 
7.67±0.90 
(2.94) 
9.67±0.88 
(3.26) 
2.97±0.61 
(1.98) 
11.00±0.58 
(3.46) 
0.33±0.33 
(1.14) 
6.26±0.38 
(2.69) 
l.OOil.OO 
(1.33) 
25.97±0.95 
(5.19) 
29.06±0.79 
(5.48) 
26.98±0.89 
(5.29) 
18.19±0.55 
(4.38) 
10.27±0.18 
(3.36) 
31.46±1.24 
(5.69) 
18.19±0.70 
(4.38) 
16.09±0.47 
(4.13) 
15.90±1.00 
(4.11) 
15.71±0.56 
(4.09) 
39.43±0.46 
(6.36) 
28.85±0.78 
(5.46) 
44.13±1.69 
(6.72) 
16.12±0.74 
(4.14) 
12.27±0.76 
(3.64) 
35.54±1.54 
(6.04) 
34.66±0.81 
(5.97) 
16.33±0.48 
(4.16) 
42.96±0.75 
(6.63) 
12.28±0.37 
(3.64) 
23.74±0.61 
(4.97) 
19.39±0.63 
(4.51) 
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43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
2005-67 
2005-68 
2005-69 
2005-72 
2005-74 
2005-76 
2005-77 
2005-78 
2005-79 
BG-256 
DCP-92-3 
KWR-108 
SAKI-
9516 
Mean 
SEM 
CD @ 5% 
C D @ 1 % 
14.32±0.57 
(3.91) 
17.5±0.58 
(4J0) 
12.08±0.55 
(3.62) 
16.34±0.56 
(4.16) 
14.74±0.58 
(3.97) 
21.08±0.56 
(4.70) 
17.34±0.59 
(4.28) 
10.51±0.57 
(3.39) 
16.07±0.60 
(4.13) 
18.82±0.59 
(4.45) 
15.74±0.52 
(4.09) 
11.65±0.57 
(3.55) 
11.53±0.53 
(3.54) 
15.2 
0.01 
0.02 
0.03 
97.21±0.95 
(9.91) 
62.79±0.58 
(7.99) 
91.82±0.86 
(9.63) 
76.88±0.86 
(8.82) 
96.19±0.59 
(9.86) 
67.73±0.58 
(8.29) 
72.85±0.89 
(8.59) 
92.27±0.57 
(9.66) 
136.53±0.55 
(11.73) 
97.40±0.82 
(9.92) 
116.07±0.59 
(10.82) 
91.33±0.59 
(9.61) 
90.06±0.57 
(9.54) 
77.09 
0.04 
0.11 
0.14 
7.87±0.37 
(2.98) 
10.66±0.59 
(3.41) 
9.25±0.64 
(3.20) 
13.83±0.15 
(3.85) 
59.67±0.81 
(7.79) 
10.77±0.44 
(3.43) 
13.77±0.64 
(3.84) 
5.29±0.24 
(2.51) 
14.98±0.56 
(4.00) 
11.65±0.64 
(3.55) 
14.28±0.25 
(3.91) 
10.68±0.64 
(3.42) 
8.96±0.65 
(3.15) 
16.61 
0.08 
0.21 
0.28 
1.00±0.58 
(1.38) 
0.33±0.33 
(1.14) 
0.83±0.44 
(1.33) 
1.55±0.99 
(1.54) 
7.33±0.88 
(2.88) 
l.OOtl.OO 
(1.33) 
1.33±0.88 
(1.47) 
0.33±0.33 
(1.14) 
0.67±0.67 
(1.24) 
3.40±0.31 
(2.10) 
0.67±0.67 
(1.24) 
1.73±0.90 
(1.60) 
0.33±0.33 
(1.14) 
3.2 
0.13 
0.37 
0.48 
8.09±0.34 
(3.01) 
16.96±0.86 
(4.24) 
10.06±0.60 
(3.32) 
18.00±0.40 
(4.36) 
62.03±0.80 
(7.94) 
15.90±0.74 
(4.11) 
18.81±0.78 
(4.45) 
5.74±0.25 
(2.59) 
10.97±0.38 
(3.46) 
11.95±0.55 
(3.60) 
12.31±0.27 
(3.65) 
11.70±0.72 
(3.56) 
9.94±0.69 
(3.30) 
22.29 
0.14 
0.4 
0.52 
*Figures in the parenthesis are square root transformed value 
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Table 3. Screening of chickpea cultivars according to different parameters during third 
sowing in the cropping season 2006-07 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Cultivars 
apc) 
2003-46 
2004-54 
2004-68 
2004-73 
2004-78 
2004-83 
2004-88 
2005-15 
2005-16 
2005-17 
2005-18 
2005-19 
2005-24 
2005-25 
2005-26 
2005-27 
2005-28 
2005-29 
2005-30 
2005-34 
Plant height 
(cms) 
17.54±0.59 
(4.31) 
13.12±0.57 
(3.90) 
16.35±0.51 
(4.16) 
21.64±0.36 
(4.76) 
15.02±0.55 
(4.00) 
14.52±0.58 
(3.64) 
21.26±0.56 
(4.72) 
14.52±0.59 
(3.94) 
13.52±0.58 
(3.81) 
21.61±0.50 
(4.75) 
13.35±0.56 
(3.79) 
17.64±0.46 
(4.32) 
11.52±0.61 
(3.54) 
13.62±0.58 
(3.82) 
14.04±0.56 
(3.88) 
14.69±0.57 
(3.96) 
15.4U0.40 
(4.05) 
14.69±0.56 
(3.96) 
16.99±0.58 
(4.24) 
21.01±0.59 
(4.69) 
Total pod/pl 
62.53±1.39 
(7.97) 
74.74±0.88 
(8.70) 
11.67±0.86 
(3.55) 
54.03±0.79 
(7.42) 
49.81±0.87 
(7.13) 
85.06±1.07 
(9.28) 
56.52±0.58 
(7.58) 
60.56±0.98 
(7.85) 
50.56±0.55 
(7.18) 
74.54±0.55 
(8.69) 
57.59±0.50 
(7.65) 
50.35±0.38 
(7.21) 
78.02±0.55 
(8.89) 
75.10±0.38 
(8.72) 
60.29±0.72 
(7.83) 
53.12±0.45 
(7.36) 
92.04±0.58 
(9.65) 
85.91±1.00 
(9.32) 
112.02±5.73 
(10.62) 
85.07±1.09 
(9.28) 
Infested 
pod/pl 
8.59±0.32 
(3.10) 
33.13±0.64 
(5.84) 
2.71±1.21 
(1.87) 
12.38±0.46 
(3.66) 
10.98±0.47 
(3.46) 
12.14±0.10 
(3.62) 
8.41±0.23 
(3.07) 
10.02±0.60 
(3.32) 
15.83±0.40 
(4.10) 
8.58±0.75 
(3.09) 
3.28±0.20 
(2.07) 
26.34±0.23 
(5.23) 
21.67±0.48 
(4.76) 
51.24±0.64 
(7.23) 
10.69±0.55 
(3.42) 
3.93±0.31 
(2.22) 
31.20±0.33 
(5.67) 
6.33±0.64 
(2.70) 
8.59±0.61 
(3.09) 
43.42±0.38 
(6.66) 
Larval 
count/pl 
5.01±0.52 
(2.45) 
15.75±0.32 
(4.09) 
3.76±0.68 
(2.17) 
5.11±0.34 
(2.47) 
4.98±0.41 
(2.44) 
6.29±0.32 
(2.70) 
6.46±0.35 
(2.73) 
5.19±0.24 
(2.49) 
8.16±0.18 
(3.03) 
2.11±0.17 
(1.76) 
2.26±0.14 
(1.80) 
15.25±0.41 
(4.03) 
7.97±0.14 
(2.99) 
13.09±0.10 
(3.75) 
5.13±0.58 
(2.47) 
4.46±0.76 
(2.32) 
11.11±0.21 
(3.48) 
2.22±0.11 
(1.79) 
3.22±0.25 
(2.05) 
17.20±1.33 
(4.26) 
Pod damage 
(%) 
13.54±0.70 
(3.81) 
44.32±0.37 
(6.73) 
25.23±6.19 
(5.05) 
22.93±1.02 
(4.89) 
22.07±1.15 
(4.80) 
14.28±0.30 
(3.91) 
14.90±0.55 
(3.99) 
16.52±0.74 
(4.18) 
31.33±1.13 
(5.68) 
11.49±0.92 
(3.53) 
5.70±0.40 
(2.59) 
51.64±1.40 
(7.25) 
27.79±0.82 
(5.36) 
68.23±0.51 
(8.32) 
17.72±0.77 
(4.32) 
7.40±0.64 
(2.89) 
33.89±0.15 
(5.91) 
7.35±0.65 
(2.89) 
7.72±0.75 
(2.95) 
51.05±0.48 
(7.21) 
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21 
22 
23 
24 
25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
2005-35 
2005-36 
2005-37 
2005-39 
2005-41 
2005-43 
2005-44 
2005-45 
2005-48 
2005-52 
2005-53 
2005-54 
2005-56 
2005-57 
2005-59 
2005-60 
2005-61 
2005-62 
2005-64 
2005-65 
2005-66 
2005-67 
12.08±0.54 
(3.61) 
23.07±0.55 
(4.91) 
18.27±0.38 
(4.39) 
15.65±0.58 
(4.08) 
18.32±0.59 
(4.39) 
16.32±0.59 
(4.16) 
13.35±0.58 
(3.79) 
11.35±0.59 
(3.51) 
23.64±0.48 
(4.96) 
15.35±0.60 
(4.04) 
13.02±0.59 
(3.74) 
14.46±0.49 
(3.93) 
16.08±0.57 
(4.13) 
10.52±0.56 
(3.39) 
15.52±0.58 
(4.06) 
14.02±0.59 
(3.87) 
15.52±0.60 
(4.06) 
11.02±0.59 
(3.46) 
21.32±0.56 
(4.72) 
23.27±0.58 
(4.93) 
16.40±0.40 
(4.17) 
15.32±0.59 
(4.04) 
91.28±0.63 
(9.61) 
96.51±0.67 
(9.87) 
70.30±0.89 
(8.44) 
87.01±0.96 
(9.38) 
108.32±1.73 
(10.45) 
89.03±1.08 
(9.49) 
71.14±1.24 
(8.49) 
60.03±1.11 
(7.81) 
59.50±0.54 
(7.78) 
53.59±0.76 
(7.39) 
98.01±1.08 
(9.95) 
47.56±0.94 
(6.97) 
100.03±0.61 
(10.05) 
54.54±0.55 
(7.45) 
62.26±0.72 
(7.95) 
50.43±0.81 
(7.17) 
75.05±0.54 
(8.72) 
65.05±1.03 
(8.13) 
98.11±1.40 
(9.95) 
101.80±1.85 
(11.21) 
70.64±0.43 
(8.46) 
98.57±0.39 
(9.98) 
22.57±0.31 
(4.86) 
26.41±0.71 
(5.23) 
19.04±0.64 
(4.48) 
14.43±0.64 
(3.93) 
10.75±0.18 
(3.43) 
16.21±0.54 
(4.15) 
10.56±0.33 
(3.40) 
8.39±0.29 
(3.06) 
10.31±0.25 
(3.36) 
21.68±0.68 
(4.76) 
25.91±0.61 
(5.19) 
20.92±0.58 
(4.68) 
16.56±0.83 
(4.19) 
4.98±0.48 
(2.44) 
21.85±0.78 
(4.78) 
18.54±1.00 
(4.42) 
12.19±0.25 
(3.63) 
28.56±0.83 
(5.44) 
10.56±0.34 
(3.40) 
27.45±0.33 
(5.33) 
15.12±0.41 
(4.01) 
8.71±0.35 
(3.11) 
5.14±0.25 
(2.48) 
3.11±0.48 
(2.02) 
9.08±0.20 
(3.18) 
6.06±0.31 
(2.66) 
2.02±0.40 
(1.73) 
3.08±0.15 
(2.02) 
5.10±0.24 
(2.47) 
5.87±0.06 
(2.62) 
5.34±0.33 
(2.52) 
13.15±0.84 
(3.76) 
10.20±0.59 
(3.34) 
10.68±0.50 
(3.42) 
4.14±0.32 
(2.27) 
3.67±0.34 
(2.16) 
13.14±0.05 
(3.76) 
11.89±0.62 
(3.59) 
5.12±0.30 
(2.47) 
17.88±0.22 
(4.35) 
3.11±0.66 
(2.01) 
6.53±0.34 
(2.74) 
7.15±0.36 
(2.85) 
3.97±0.21 
(2.23) 
24.73±0.22 
(5.07) 
27.38±0.91 
(5.33) 
27.07±0.56 
(5.30) 
16.60±0.85 
(4.19) 
10.08±0.16 
(3.33) 
18.23±0.83 
(4.38) 
14.79±0.59 
(3.97) 
13.98±0.58 
(3.87) 
17.33±0.39 
(4.28) 
40.43±0.82 
(6.44) 
26.46±0.91 
(5.24) 
43.97±0.46 
(6.71) 
16.56±0.87 
(4.19) 
9.13±0.91 
(3.18) 
35.07±0.86 
(6.01) 
36.81±2.36 
(6.14) 
16.17±0.25 
(4.14) 
43.71±1.59 
(6.68) 
10.68±0.26 
(3.42) 
27.24±0.32 
(5.31) 
21.40±0.56 
(4.73) 
8.83±0.37 
(3.13) 
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44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
2005-68 
2005-69 
2005-72 
2005-74 
2005-76 
2005-77 
2005-78 
2005-79 
BG-256 
DCP-92-3 
KWR-108 
SAKI-9516 
Mean 
SEM 
CD @ 5% 
CD@r/o 
18.52±0.58 
(4.42) 
13.06±0.57 
(3.75) 
17.32±0.60 
(4.28) 
15.77±0.56 
(4.09) 
22.0U0.58 
(4.80) 
18.35±0.60 
(4.40) 
11.05±0.56 
(3.47) 
17.07±0.55 
(4.25) 
19.92±0.52 
(4.57) 
16.77±0.57 
(4.21) 
12.73±0.55 
(3.70) 
12.55±0.56 
(3.68) 
16.2 
0.01 
0.03 
0.04 
67.04±0.54 
(8.25) 
84.85±0.99 
(9.27) 
65.12±1.07 
(8.13) 
94.03±0.54 
(9.75) 
56.96±0.47 
(7.61) 
69.88±0.61 
(8.42) 
97.31±0.72 
(9.92) 
129.64±0.34 
(11.43) 
97.35±0.33 
(9.92) 
114.5±0.51 
(10.75) 
93.02±0.45 
(10.98) 
90.08±0.77 
(9.54) 
76.05 
0.1 
; 0.15 
0.2 
10.64±0.47 
(3.41) 
8.01±1.16 
(2.99) 
14.14±0.42 
(3.89) 
59.46±0.48 
(7.78) 
10.76±0.44 
(3.43) 
13.42±1.08 
(3.79) 
724±0.64 
(2.87) 
15.57±0.35 
(4.07) 
11.13±1.15 
(3.47) 
13.69±0.31 
(3.83) 
10.16±0.64 
(3.34) 
8.53±0.81 
(3.08) 
16.39 
0.08 
0.21 
0.28 
5.09±0.12 
(2.47) 
3.95±0.05 
(2.22) 
5.94±0.30 
(2.63) 
15.33±0.42 
(4.04) 
8.16±0.14 
(3.03) 
5.26±0.13 
(2.50) 
3.86±0.21 
(2.20) 
3.00±0.42 
(1.99) 
4.72±0.25 
(2.39) 
6.85±0.13 
(2.80) 
3.92±0.44 
(2.21) 
3.06±0.34 
(2.01) 
6.8 
0.07 
0.19 
0.25 
15.88±0.77 
(4.11) 
10.21±0.70 
(3.35) 
21.71±0.28 
(4.77) 
63.24±0.81 
(8.01) 
18.90±0.93 
(4.46) 
19.19±1.46 
(4.49) 
7.43±0.60 
(2.90) 
12.01±0.29 
(3.61) 
11.77±0.86 
(3.57) 
11.94±0.26 
(3.60) 
10.92±0.70 
(3.45) 
9.45±0.82 
(3.23) 
22.65 
0.12 
0.33 
0.43 
*Figures in the parenthesis are square root transformed value 
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4.1.2 Cropping season 2007-08 
4.1.2.1 Biological attributes: 
Height of cultivars 
4.1.2.1.1 First sowing 
The cuhivars which have attained maximum height in this cropping season 
and are at par with each other included IPC-2004-73 (21.28 ± 1.01 cm), IPC-2004-88 
(21.24 ± 0.69 cm), IPC-2005-17 (21.96 ± 0.77 cm), IPC-2005-34 (19.59 ± 0.55 cm), 
IPC-2005-36 (21.65 ± 0.56 cm), IPC-2005-48 (22.68 ± 0.56cm), IPC-2005-64 (20.46 
± 0.55 cm), IPC-2005-65 (22.14 ± 0.56 cm), IPC-2005-76 (21.06 ± 0.59 cm) and BG-
256 (18.77 ± 0.57 cm). Whereas, they were significantly different fi-om the cultivars 
IPC-2005-18 (13.49 ± 0.93 cm), IPC-2005-24 (12.53 ± 0.54 cm), IPC-2005-35 (11.26 
± 0.56 cm), IPC-2005-44 (12.65 ± 0.55 cm), IPC-2005-45 (11.02 ± 0.54 cm), IPC-
2005-53 (11.28 ± 0.56 cm), IPC-2005-57 (9.97 ± 0.60 cm), IPC-2005-62 (10.25 ± 
0.59 cm), IPC-2005-69 (12.45 ± 0.55 cm), IPC-2005-78 (10.52 ± 0.55 cm), KWR-
108 (11.26 ± 0.55 cm) and SAKI-9516 (11.02 ± 0.59 cm) which enlisted themselves 
as the short heighted cultivars (Table 4). 
4.1.2.1.2 Second sowing 
There were 12 cultivars which have attained maximum height namely IPC-
2004-73, IPC-2004-88, IPC-2005-17, IPC-2005-34, IPC-2005-36, IPC-2005-42, IPC-
2005-48, IPC-2005-64, IPC-2005-65, IPC-2005-76, IPC-2005-77 and BG-256. 
Whereas the cultivars IPC-2005-18, IPC-2005-24, IPC-2005-25, IPC-2005-35, IPC-
2005-44, IPC-2005-45, IPC-2005-53, IPC-2005-57, IPC-2005-62, IPC-2005-69, IPC-
2005-78, KWR-108 and SAKI-9516 were in the category of short heighted ones 
(Table 5). 
4.1.2.1.3 Third sowing 
The maximum height recorded in the third sowing was 26.11 ± 0.85 cm by the 
accession IPC-2005-36 which was closely followed by IPC-2004-88 (25.35 ± 0.56 
cm), IPC-2005-17 (25.38 ± 0.58 cm), IPC-2005-48 (25.80 ± 0 .46 cm), IPC-2005-64 
(25.39 ± 0.53 cm) and IPC-2005-76 (25.30 ± 0.84 cm). The minimum height on 
record was of SAKI-9516 (14.53 ± 0.41 cm) which was at par with IPC-2005-57 
(14.76 ± 0.52 cm) and IPC-2005-45 (14.77 ± 0.86 cm). They slightly differed from 
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the other allies in this category which included the cultivars IPC-2005-18, IPC-2005-
24, rPC-2005-35, IPC-2005-44, IPC-2005-53, IPC-2005-62, IPC-2005-78 and KWR-
108 (Table 6). 
Total number of pods 
4.1.2.1.4 First sowing 
Descending the line for total number of pods per plant, the cultivars can be 
arranged as IPC-2005-30 (121.46 ± 0.56 pods/plant), DCP-92-3(l 19.48 ± 0.59 
pods/plant), IPC-2005-56 (126.08 ± 0.29 pods/plant), IPC-2005-41 (109.48 ± 0.52 
pods/plant), which have exceeded the count as 100 pods per plant. Others in this 
category included IPC-2005-64 (113.64 ± 0.39 pods/plant), IPC-2005-67 (93.40 ± 
0.81 pods/plant) IPC-2005-36 (94.52 ± 0.41 pods/plant), IPC-2005-78 (50.47 ± 0.59 
pods/plant), IPC-2005-74 (98.60 ± 0.44 pods/plant), BG-256 (139.84 ± 0.59 
pods/plant), IPC-2005-53 (90.50 ± 0.58 pods/plant), IPC-2005-79 (139.45 ± 0.74 
pods/plant), IPC-2005-43 (49.84 ± 0.28 pods/plant), IPC-2005-28 (93.31 ± 0.69 
pods/plant), SAKI-9516 (91.27 ± 0.56 pods/plant), KWR-108 (121.17 ± 1.14 
pods/plant) and lastly IPC-2005-35 (92.45 ± 0.45 pods/plant) (Table 4). 
The minimum pods were counted in the cultivar IPC-2004-68 (12.82 ± 0.90 
pods/plant) followed by IPC-2005-18 (44.17 ± 0.87 pods/plant). Further, the cultivars 
IPC-2004-73 (51.55 ± 0.46 pods/plant), IPC-2004-78 (52.82 ± 0.90 pods/plant), IPC-
2004-88 (55.83 ± 0.90 pods/plant), IPC-2005-16 (51.82 ± 0.45 pods/plant), IPC-2005-
27 (52.81 ± 0.45 pods/plant), IPC-2005-42 (54.93 ± 0.28 pods/plant), IPC-2005-52 
(58.15 ± 0.65 pods/plant), IPC-2005-54 (45.06 ± 0.61 pods/plant), IPC-2005-57 
(61.38 ± 0.78 pods/plant) and IPC-2004-78 (52.82 ± 0.90 pods/plant) possessed the 
total of 50-55 pods per plant and were placed in the intermediate category. 
4.1.2.1.5 Second sowing 
The cultivar BG-256 (136.62 ± 0.82 pods/plant) recorded the maximum pod 
count among the other high yielding cultivars viz., DCP-92-3, IPC-2005-56, IPC-
2005-41, IPC-2005-64, IPC-2005-67, IPC-2005-36, IPC-2005-78, IPC-2005-74, IPC-
2005-30, IPC-2005-53, IPC-2005-43, IPC-2005-28, SAKI-9516, KWR-108 and IPC-
2005-35. 
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The least number of pods were counted in the cultivar IPC-2004-68 (14.15± 
0.79 pods/plant) followed by IPC-2005-18 and IPC-2005-54 which had less than 50 
pods per plant (Table 5). 
4.1.2.1.6 Third sowing 
The cultivars IPC-2005-30, DCP-92-3, IPC-2005-28, IPC-2005-36, IPC-2005-
41, EPC-2005-43, IPC-2005-53, IPC-2005-56, IPC-2005-64, IPC-2005-65, IPC-2005-
67, IPC-2005-74, BG-256, SAKI-9516 and KWR-108 were among those which 
recorded 95-135 pods approximately in the third date of sowing. However significant 
differences (p < 0.05 and 0.01) were revealed with IPC-2004-68, IPC-2005-16, IPC-
2005-18, IPC-2005-27 and IPC-2005-54 which had much less pods per plant (Table 
6). 
4.1.2.2 Insect mediated change 
Pod infestation/plant 
4.1.2.2.1 First sowing 
This year much perturbation was observed in the count of the pods infested by 
the pod borer larvae. For instance, DCP-92-3 observed 33.51 ± 0.43 damaged 
pods/plant whereas in the previous year the count was 13.95 ± 0.09 only. Other 
cultivars having more number of infested pods included IPC-2005-74 (58.64 ± 0.70 
pods/plant), IPC-2005-62 (32.83 ± 0.61 pods/plant), IPC-2005-53 (28.86 ± 0.67 
pods/plant), IPC-2005-59 (22.85 ± 0.57 pods/plant), IPC-2005-54 (21.70 ± 0.52 
pods/plant), IPC-2005-52 (21.68 ± 0.40 pods/plant), IPC-2005-34 (43.44 ± 0.84 
pods/plant), IPC-2005-28 (39.58 ± 0.67 pods/plant), IPC-2005-25 (56.49 ± 0.45 
pods/plant), IPC-2005-24 (28.35 ± 0.51 pods/plant) and IPC-2004-54 (38.12 ± 0.58 
pods/plant. On the other hand, the cultivars with less bored pods (<10 bored 
pods/plant) included IPC-2004-78 (8.21 ± 0.67 pods/plant) and IPC-2004-68 (7.31 ± 
0.44 pods/plant) (Table 4). 
4.1.2.2.2 Second sowing 
The maximum infested pods/plant was advocated by IPC-2005-74 (59.71 ± 
0.71 pods/plant) which was at par with IPC-2005-25 (54.39 ± 0.38 pods/plant) but 
differed significantly (p < 0.05 and 0.01) fi-om IPC-2005-34 (44.63 ± 0.69 
pods/plant), IPC-2005-28 (37.56 ± 0.48 pods/plant), IPC-2004-54 (35.78 ± 0.64 
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pods/plant) and DCP-92-3(30.38 ± 0.36 pods/plant) which had more than 30 infested 
pods/plant. 
The category for minimum damaged pods included IPC-2004-68 (4.87 ± 0.57 
pods/plant), IPC-2004-78 (6.40 ± 0.37 pods/plant), IPC-2005-29 (8.72 ± 0.57 
pods/plant), IPC-2005-43 (9.28 ± 0.37 pods/plant), IPC-2005-72 (9.72 ± 0.36 
pods/plant) and IPC-2005-78 (9.67 ± 0.53 pods/plant) (Table 5). 
4.1.2,.2.3Third sowing 
The cultivars IPC-2004-54, IPC-2005-16, IPC-2005-19, IPC-2005-24, IPC-
2005-25, IPC-2005-28, IPC-2005-34, lPC-2005-42, IPC-2005-53, IPC-2005-62, IPC-
2005-65 IPC-2005-74 and DCP-92-3 had infestation in the range of 26.24-62.74 
pods/plant. 
On the other hand, IPC-2004-68, IPC-2004-78, IPC-2005-29, IPC-2005-43, 
IPC-2005-66 and IPC-2005-72 were among those which recorded the minimal range 
of 7.29-11.64 bored pods/plant and the rest of the cultivars fall in the intermediate 
category (Table 6). 
Total number of larval count of cultivars 
4.1.2.2.4 First sowing 
The cultivars which recorded high larval count in the first sowing consisted of 
IPC-2005-62 (4.93 ± 1.46 larvae /plant), IPC-2005-34 (6.67 ± 0.88 larvae /plant), 
IPC-2005-60 (5.25 ± 0.54 larvae /plant), IPC-2005-23/19 (7.23 ± 0.63 larvae /plant) 
which were not significantly different from each other. These were followed by IPC-
2005-25 (6.51 ± 0.58 larvae /plant), lPC-2005-52 (6.07 ± 0.58 larvae /plant), IPC-
2005-24 (1.84 ± 0.63 larvae/plant) and IPC-2005-37 (3.60 ± 1.31 larvae/plant). 
The category of the cultivars which were least attacked by the Helicoverpa 
larvae included IPC-2005-18 (1.08 ± 0.61 larvae /plant), IPC-2004-88 (1.09 ± 0.58 
larvae /plant), .IPC-2004-78 (1.14 ± 0.61 larvae /plant), IPC-2004-73 (1.18 ± 0.60 
larvae /plant) and IPC-2005-66 (1.33 ± 0.33 larvae /plant) (Table 4). 
4.1.2.2.5 Second sowing 
A maximum of 13.54 ± 0.47 larvae were assembled from the cultivar IPC-
2005-34 which was fiirther followed by 11.52 ± 0.44 larvae by IPC- 2005-52, 11.52 
± 0.34 larvae by IPC- 2005-62 and 11.45 ± 0.47 larvae by IPC- 2005-60. More than 5 
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larvae/plant were collected from the cultivars IPC- 2003-46, IPC- 2004-54, IPC-
2004-73, IPC- 2004-83, IPC- 2005-16, IPC- 2005-19, IPC- 2005-25, IPC- 2005-28 
and IPC- 2005-37. 
However, less number of Helicoverpa larvae was encountered in the cultivars 
IPC- 2005-30, IPC- 2005-36, IPC- 2005-57, IPC- 2005-64, IPC- 2005-65, IPC- 2005-
68, ff C- 2005-78 and SAKI-9516 which had less than 2 larvae per plant (Table 5). 
4.1.2.2.6 Third sowing 
The cultivars IPC- 2004-54, IPC- 2005-16, IPC- 2005-19, IPC- 2005-24, IPC-
2005-25, IPC- 2005-28, IPC- 2005-34, IPC- 2005-37, IPC- 2005-52, IPC- 2005-53, 
IPC- 2005-54, IPC- 2005-59, IPC- 2005-60, IPC- 2005-62, IPC- 2005-74, IPC- 2005-
76 and BG-256 recorded more than 10 larvae per plant. 
On the other hand the minimal larval count was revealed in the cultivars IPC-
2005-17, IPC- 2005-29, IPC- 2005-41 and IPC- 2005-65 (Table 6). 
Percent pod damage 
4.1.2.2.7 First sowing: 
The year 2007-08 witnessed much higher percentage of pod damage on 
account of the outbreak of Helicoverpa population on chickpea cultivars. A maximum 
of 73.87 ± 0.25% was observed in IPC-2005-25 which was followed by IPC-2005-74 
which bore the loss of 64.40 ± 0.26 % pod damage. Further, IPC-2004-68 (57.14 ± 
1.02 %) and IPC-2005-34 (53.03 ± 0.23 %) scored more than 50% damage and IPC-
2005-16 (49.97 ± 0.87%), IPC-2004-54 (48.51 ± 0.60%), IPC-2005-62 (48.46 ± 
0.27%), IPC-2005-42 (48.29 ± 0.50%), IPC-2005-54 (44.39 ± 1.19%), IPC-2005-52 
(43.38 ± 0.90%), IPC-2005-28 (42.42 ± 0.41%) and IPC-2005-60 (41.53 ± 0.55%) 
had more than 40% pod damage on record. 
Eventually, not a single cultivar observed less than 10% damage of its pods. 
The cultivars IPC-2004-78 (15.51 ± 1.00%), IPC-2005-17 (18.08 ± 0.64%), IPC-
2005-29 (12.86 ± 0.36%), IPC-2005-30 (14.65 ± 0.43%), IPC-2005-41 (16.04 ± 
0.34%), IPC-2005-43 (12.35 ± 0.39%), IPC-2005-56 (19.37 ± 0.59%), IPC-2005-64 
and IPC-2005-66 (14.65 ± 0.45 and 14.65 ± 0.71%, respectively), IPC-2005-67 (13.28 
± 0.74%), IPC-2005-69 (15.33 ± 0.42%), IPC-2005-72 (12.87 ± 0.48%), IPC-2005-78 
(12.94 ± 0.35%), BG-256 (16.84 ± 0.62%), KWR-108 (18.22 ± 0.48%) and SAKI-
9516 (14.82 ± 0.34%) recorded more than 20% damage of their pods (Table 4). 
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4.1.2.2.8 Second sowing 
Surprisingly, in contrast to the results of the first sowing, the second sowing 
yielded relatively less pod damage. The cultivars IPC-2004-54, IPC-2005-16, IPC-
2005-19, IPC-2005-25, IPC-2005-34, IPC-2005-42, IPC-2005-54, IPC-2005-62 and 
IPC-2005-74 were listed among those having substantial pod damage percentage. 
However, the cultivars IPC-2004-78, IPC-2004-83, IPC-2005-15, IPC-2005-
17, IPC-2005-26, IPC-2005-30, IPC-2005-39, IPC-2005-41, IPC-2005-44, IPC-2005-
56, IPC-2005-57, IPC-2005-64, IPC-2005-65, IPC-2005-66, IPC-2005-67, IPC-2005-
69, D'C-2005-72, BG-256, KWR-108 and SAKI-9516 reported less damage with IPC-
2005-29, IPC-2005-43 and IPC-2005-78 reporting even less than 10% loss (Table 5). 
4.1.2.2.9 Third sowing 
IPC-2005-25 observed the maximum percent pod damage of 71.45 ± 0.61 % 
followed by IPC-2005-74 and IPC-2005-34, respectively. However the minimum loss 
has been witnessed in the accession IPC-2005-43 which recorded 11.88 ± 0.43% pod 
damage (Table 6). 
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Table 4. Screening of chickpea cultivars according to different parameters during first 
sowing in the cropping season 2007-08 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Cultivars 
(IPC) 
2003-46 
2004-54 
2004-68 
2004-73 
2004-78 
2004-83 
2004-88 
2005-15 
2005-16 
2005-17 
2005-18 
2005-19 
2005-24 
2005-25 
2005-26 
2005-27 
2005-28 
2005-29 
2005-30 
2005-34 
Plant height 
(cms) 
18.07±0.89 
(4.36) 
14.55±0.96 
(3.94) 
16.88±0.65 
(4.23) 
21.28±1.01 
(4.72) 
15.59±0.70 
(4.07) 
15.10±0.78 
(4.01) 
21.24±0.69 
(4.71) 
14.48±0.64 
(3.93) 
14.12±0.86 
(3.89) 
21.96±0.77 
(4.79) 
13.49±0.93 
(3.80) 
17.55±1.02 
(4.30) 
12.53±0.54 
(3.68) 
14.09±0.78 
(3.88) 
16.13±0.84 
(4.14) 
15.29±0.97 
(4.03) 
15.89±0.74 
(4.11) 
15.77±0.53 
(4.09) 
18.23±0.52 
(4.38) 
19.59±0.55 
(4.54) 
Total pod/pl 
62.58±0.80 
(7.97) 
78.57±0.56 
(8.92) 
12.82±0.90 
(3.71) 
51.55±0.46 
(7.25) 
52.82±0.90 
(7.34) 
89.41±0.57 
(9.51) 
55.83±0.90 
(7.54) 
64.48±0.90 
(8.09) 
51.82±0.45 
(7.27) 
78.36±0.41 
(8.91) 
44.17±0.87 
(6.72) 
64.51±0.55 
(8.09) 
80.50±0.45 
(9.03) 
76.47±0.66 
(8.80) 
60.87±0.90 
(7.87) 
52.81±0.45 
(7.34) 
93.31±0.69 
(9.71) 
89.76±0.90 
(9.53) 
121.46±0.56 
(11.07) 
89.09±0.57 
(9.49) 
Infested 
pod/pl 
13.65±0.71 
(3.82) 
38.12±0.58 
(6.25) 
7.31±0.44 
(2.88) 
14.12±0.49 
(3.89) 
8.21±0.67 
(3.03) 
19.82±0.61 
(4.56) 
14.43±0.62 
(3.93) 
14.45±0.52 
(3.93) 
25.90±0.67 
(5.19) 
14.18±0.58 
(3.89) 
I2.48±0.51 
(3.67) 
25.30±0.73 
(5.13) 
28.35±0.51 
(5.42) 
56.49±0.45 
(7.58) 
13.59±0.47 
(3.82) 
13.12±0.43 
(3.76) 
39.58±0.67 
(6.37) 
11.54±0.35 
(3.54) 
17.80±0.60 
(4.33) 
43.44±0.84 
(6.67) 
Larval 
count/pl 
2.92±0.62 
(1.97) 
5.24±0.65 
(2.49) 
2.13±0.62 
(1.75) 
1.18±0.60 
(1.45) 
1.14±0.61 
(1.43) 
1.30±0.59 
(1.49) 
1.09±0.58 
(1.41) 
1.72±0.59 
(1.63) 
2.25±0.58 
(1.79) 
1.35±0.50 
(1.52) 
1.08±0.61 
(1.41) 
7.23±0.63 
(2.87) 
1.84±0.63 
(1.66) 
6.51±0.58 
(2.74) 
2.03±0.65 
(1.72) 
1.35±0.36 
(1.53) 
2.16±0.61 
(1.76) 
1.32±0.60 
(1.50) 
1.68±0.46 
(1.63) 
6.67±0.88 
(2.76) 
Pod damage 
(%) 
21.79±0.86 
(4.77) 
48.51±0.60 
(7.04) 
57.14±1.02 
(7.62) 
27.38±0.71 
(5.33) 
15.51±1.00 
(4.06) 
22.16±0.65 
(4.81) 
25.90±1.47 
(5.18) 
22.39±0.52 
(4.84) 
49.97±0.87 
(7.14) 
18.08±0.64 
(4.37) 
28.30±1.51 
(5.41) 
39.23±1.17 
(6.34) 
35.22±0.45 
(6.02) 
73.87±0.25 
(8.65) 
22.31±0.49 
(4.83) 
24.84±0.84 
(5.08) 
42.42±0.41 
(6.59) 
12.86±0.36 
(3.72) 
14.65±0.43 
(3.96) 
53.03±0.23 
(7.35) 
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21 2005-35 11.26±0.56 92.45±0.45 19.60±0.64 1.00±0.58 23.82±0.81 
(3.50) (9.67) (4.54) (1.38) (4.98) 
22 2005-36 21.65±0.56 94.52±0.41 27.53±0.31 0.33±0.33 23.92±0.61 
(4.76) (9.77) (5.34) (1.14) (4.99) 
23 2005-37 16.25±0.54 68.88±0.57 18.26±1.13 3.60±0.31 33.21±0.52 
(4.15) (8.36) (4.39) (2.14) (5.85) 
24 2005-39 14.58±0.58 95.79±1.89 14.25±1.I3 1.7±0.65 20.97±0.61 
(3.95) (9.84) (3.90) (1.62) (4.69) 
25 2005-41 17.26±0.61 109.48±0.52 11.12±0.47 0.97±0.52 16.04±0.34 
(4.27) (10.51) (3.48) (1.37) (4.13) 
26 2005-42 17.96±0.54 54.93±0.28 16.79±0.17 1.50±0.50 48.29±0.50 
(4.35) (7.48) (4.22) (1.57) (7.02) 
27 2005-43 15.28±0.59 49.84±0.28 17.12±0.95 1.13±0.46 12.35±0.39 
(4.03) (7.13) (4.25) (1.44) (3.65) 
28 2005-44 12.65±0.55 72.83±1.40 8.91±0.61 1.53±0.29 20.63±1.03 
(3.69) (8.59) (3.14) (1.59) (4.65) 
29 2005-45 11.02±0.54 59.86±0.57 8.39±0.31 2.50±0.32 28.50±0.43 
(3.47) (7.80) (3.06) (1.87) (5.43) 
30 2005-48 22.68±0.56 64.35±0.28 9.89±0.51 2.10±0.59 34.02±0.99 
(4.87) (8.08) (3.30) (1.74) (5.92) 
31 2005-52 14.28±0.59 58.15±0.65 21.68±0.40 6.07±0.58 43.38±0.90 
(3.91) (7.69) (4.76) (2.65) (6.66) 
32 2005-53 11.28±0.56 90.5±0.58 28.86±0.67 3.60±0.31 30.15±0.42 
(3.50) (9.57) (5.46) (2.14) (5.58) 
33 2005-54 13.18±0.59 45.06±0.61 21.70±0.52 1.33±0.33 44.39±1.19 
(3.76) (6.79) (4.76) (1.52) (6.74) 
34 2005-56 15.24±0.60 126.8±0.29 16.87±0.59 1.67±0.88 19.37±0.59 
(4.03) (1130) (4.23) (1.58) (4.51) 
35 2005-57 9.97±0.60 61.38±0.78 6.01±2.65 2±0.58 23.86±1.10 
(3.31) (7.90) (3.02) (1.72) (4.98) 
36 2005-59 14.26±0.56 59.53±0.88 22.85±0.57 3.03±0.80 36.65±1.20 
(3.90) (7.78) (4.88) (1.99) (6.13) 
37 2005-60 13.36±0.56 56.21±0.57 19.49±0.73 5.25±0.54 41.53±0.55 
(3.79) (7.56) (4.52) (2.50) (6.52) 
38 2005-61 14.16±0.55 76.38±0.28 11.51±0.32 1.33±0.88 28.67±0.40 
(3.89) (8.80) (3.54) (1.47) (5.45) 
39 2005-62 10.25±0.59 66.15±0.57 32.83±0.61 4.93±1.46 48.46±0.27 
(3.35) (8.19) (5.41) (2.40) (7.03) 
40 2005-64 20.46±0.55 113.64±0.39 13.10±0.28 1±1.00 14.65±0.45 
(4.63) (10.71) (3.76) (1.33) (3.96) 
41 2005-65 22.14±0.56 124.63±0.64 26.61±0.38 4.29±0.65 22.17±0.58 
(4.81) (11.21) (5.25) (2.29) (4.81) 
42 2005-66 15.49±0.56 87.48±0.57 15.28±0.31 0.33±0.33 14.65±0.71 
(4.06) (9.41) (4.03) (1.14) (3.95) 
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43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
2005-67 
2005-68 
2005-69 
2005-72 
2005-74 
2005-76 
2005-77 
2005-78 
2005-79 
BG-256 
DCP-92-3 
KWR-108 
SAKI-
9516 
Mean 
SEM± 
CD @ 5% 
CD@1% 
14.02±0.61 
(3.87) 
16.25±0.55 
(4.15) 
12.45±0.55 
(3.67) 
16.21±0.57 
(4.15) 
14.64±0.56 
(3.95) 
21.06±0.59 
(4.70) 
17.16±0.56 
(4.26) 
10.52±0.55 
(3.39) 
15.97±0.63 
(4.12) 
18.77±0.57 
(4.45) 
15.66±0.56 
(4.08) 
11.26±0.55 
(3.50) 
11.02±0.59 
(3.46) 
15.06 
0.03 
0.09 
0.12 
93.40±0.81 
(9.72) 
63.48±0.43 
(8.03) 
87.82±0.58 
(9.42) 
77.71±0.61 
(8.87) 
98.60±0.44 
(9.98) 
71.49±0.32 
(8.51) 
69.56±0.84 
(8.40) 
50.47±0.59 
(7.17) 
139.45±0.74 
(11.85) 
139.84±0.59 
(11.87) 
119.48±0.59 
(10.98) 
121.17±1.14 
(11.05) 
91.27±0.56 
(9.61) 
77.07 
0.04 
0.11 
0.14 
7.95±0.56 
(2.99) 
10.78±0.43 
(3.43) 
8.22±1.15 
(3.02) 
14.27±0.31 
(3.91) 
58.64±0.70 
(7.72) 
10.70±0.59 
(3.42) 
10.35±0.21 
(3J7) 
4.91±0.09 
(2.43) 
14.52±0.52 
(3.94) 
10.55±0.64 
(3.40) 
33.51±.43 
(5.87) 
10.23±1.13 
(3.34) 
8.26±0.66 
(3.04) 
16.15 
0.08 
0.21 
0.28 
1.09±0.24 
(1.44) 
0.56±0.56 
(1.21) 
1.50±0.21 
(1.58) 
1.08±0.56 
(1.41) 
4±1.00 
(2.22) 
1.03±1.03 
(134) 
0.67±0.67 
(1.24) 
1.15±0.57 
(1.43) 
0.89±0.49 
(1.35) 
2.47±0.29 
(1.86) 
1±0.58 
(1.38) 
1.87±0.82 
(1.66) 
0.79±0.15 
(1.34) 
2.08 
0.17 
0.48 
0.63 
13.28±0.74 
(3.78) 
27.76±0.83 
(5.36) 
15.33±0.42 
(4.04) 
12.87±0.48 
(3.72) 
64.40±0.26 
(8.09) 
20.16±0.55 
(4.60) 
25.67±1.04 
(5.16) 
12.94±0.35 
(3.73) 
22.48±0.70 
(4.84) 
16.84±0.62 
(4.22) 
28.51±0.26 
(5.43) 
18.22±0.48 
(4.38) 
14.82±0.34 
(3.98) 
28.7 
0.07 
0.18 
0.24 
•Values in parenthesis are square root transformed value 
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Table 5. Screening of chickpea cultivars according to different parameters during 
second sowing in the cropping season 2007-08 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Cultivars 
apc) 
2003-46 
2004-54 
2004-68 
2004-73 
2004-78 
2004-83 
2004-88 
2005-15 
2005-16 
2005-17 
2005-18 
2005-19 
2005-24 
2005-25 
2005-26 
2005-27 
2005-28 
2005-29 
2005-30 
2005-34 
Plant height 
(cms) 
19.21±0.78 
(4.49) 
16.50±0.49 
(4.18) 
18.08±0.74 
(4.37) 
22.49±0.90 
(4.84) 
16.27±0.90 
(4.15) 
16.45±0.53 
(4.18) 
22.97±0.73 
(4.89) 
16.18±0.81 
(4.14) 
•15.54±0.54 
(4.07) 
22.81±0.90 
(4.88) 
14.84±1.04 
(3.98) 
18.75±0.82 
(4.44) 
12.89±0.90 
(3.72) 
15.10±0.73 
(4.01) 
15.90±0.73 
(4.11) 
16.45±0.80 
(4.18) 
16.57±0.90 
(4.19) 
16.09±0.90 
(4.13) 
18.62±0.76 
(4.43) 
22.20±0.80 
(4.82) 
Total pod/pl 
61.79±0.88 
(7.92) 
78.72±0.72 
(8.93) 
14.15±0.79 
(3.89) 
55.54±0.85 
(7.52) 
54.00±0.88 
(7.42) 
89.87±0.70 
(9.53) 
59.93±0.44 
(7.81) 
65.50±0.73 
(8.15) 
52.52±0.43 
(7.32) 
78.59±0.79 
(8.92) 
41.84±0.97 
(6.54) 
65.47±0.71 
(8.15) 
80.91±0.59 
(9.05) 
76.90±0.71 
(8.83) 
62.13±0.88 
(7.94) 
53.39±0.39 
(7.38) 
94.44±0.46 
(9.77) 
91.68±0.56 
(9.63) 
136.46±0.50 
(11.72) 
89.74±0.88 
(9.53) 
Infested 
pod/pl 
12.49±0.61 
(3.67) 
35.78±0.64 
(6.06) 
4.87±0.57 
(2.42) 
13.62±0.49 
(3.82) 
6.40±0.37 
(2.72) 
17.46±0.69 
(4.30) 
13.30±0.47 
(3.78) 
12.57±0.51 
(3.68) 
23.53±0.36 
(4.95) 
12.60±0.42 
(3.69) 
10.39±0.40 
(3.37) 
26.46±0.78 
(5.24) 
26.50±0.49 
(5.24) 
54.39±0.38 
(7.44) 
11.70±0.56 
(3.56) 
11.06±0.60 
(3.47) 
37.56±0.48 
(6.21) 
8.72±0.57 
(3.11) 
18.38±0.72 
(4.40) 
44.63±0.69 
(6.75) 
Larval 
count/pl 
5.57±0.45 
(2.56) 
10.81±0.63 
(3.43) 
3.70±0.50 
(2.16) 
5.51±0.52 
(2.55) 
2.39±0.63 
(1.83) 
5.73±0.56 
(2.59) 
3.56±0.46 
(2.13) 
3.33±0.51 
(2.07) 
5.38±0.48 
(2.52) 
2.37±0.35 
(1.83) 
2.28±0.70 
(1.79) 
9.60±0.44 
(3.25) 
3.55±0.57 
(2.13) 
9.39±0.35 
(3.22) 
4.39±0.33 
(2.32) 
2.38±0.53 
(1.83) 
5.44±0.49 
(2.53) 
2.46±0.32 
(1.86) 
1.78±0.52 
(1.65) 
13.54±0.47 
(3.81) 
Pod damage 
(%) 
20.22±1.03 
(4.60) 
45.48±1.21 
(6.82) 
35.05±5.92 
(5.96) 
24.50±0.56 
(5.05) 
11.87±0.83 
(3.58) 
19.45±0.91 
(4.52) 
22.21±0.90 
(4.82) 
19.20±0.98 
(4.49) 
44.8±1.061 
(6.77) 
16.03±0.58 
(4.13) 
24.83±0.56 
(5.08) 
40.41±0.88 
(6.43) 
32.76±0.85 
(5.81) 
70.75±1.08 
(8.47) 
18.87±1.15 
(4.45) 
20.71±1.05 
(4.66) 
39.78±0.71 
(6.39) 
9.51±0.65 
(3.24) 
13.47±0.54 
(3.80) 
49.76±1.25 
(7.12) 
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fRfsuCu 
21 2005-35 13.99±0.71 90.79±0.84 23.40±0.54 3.71±0.52 25.77±0.49 
(3.87) (9.58) (4.94) (2.16) (5.17) 
22 2005-36 24.38±0.90 96.30±0.60 22.59±0.90 1.71±0.54 23.45±0.79 
(5.04) (9.86) (4.86) (1.63) (4.94) 
23 2005-37 19.30±0.83 73.53±0.59 21.45±0.49 6.09±0.61 29.18±0.82 
(4.50) (8.63) (4.74) (2.66) (5.49) 
24 2005-39 17.15±0.84 91.73±0.69 16.87±0.57 3.73±0.52 18.40±0.74 
(4.26) (9.63) (4.23) (2.17) (4.40) 
25 2005-41 19.92±0.76 112.19±0.62 17.39±0.60 2.04±0.61 15.49±0.48 
(4.57) (10.64) (4.29) (1.72) (4.06) 
26 2005-42 20.66±0.75 56.42±0.46 23.47±0.47 2.74±0.56 41.60±0.86 
(4.65) (7.58) (4.95) (1.92) (6.53) 
27 2005-43 18.38±0.50 96.33±0.58 9.28±0.37 2.51±0.32 9.63±0.40 
(4.40) (9.87) (3.21) (1.87) (3.26) 
28 2005-44 14.85±0.86 72.89±0.58 13.22±0.57 3.69±0.53 18.15±0.84 
(3.98) (8.60) (3.77) (2.16) (4.37) 
29 2005-45 12.92±0.81 63.39±0.58 14.74±0.69 4.71±0.53 23.27±1.23 
(3.73) (8.02) (3.97) (2.39) (4.92) 
30 2005-48 24.96±0.86 62.42±0.36 18.56±0.48 3.86±0.56 29.75±0.93 
(5.09) (7.96) (4.42) (2.20) (5.54) 
31 2005-52 16.96±0.75 55.88±0.63 24.09±0.57 11.52±0.44 43.11±0.94 
(4.24) (7.54) (5.01) (3.54) (6.64) 
32 2005-53 14.30±0.84 96.69±0.63 26.22±0.69 6.72±0.51 27.13±0.89 
(3.91) (9.88) (5.22) (2.77) (5.30) 
33 2005-54 15.89±0.78 44.72±0.51 21.45±0.31 5.50±0.43 47.96±0.26 
(4.11) (6.76) (4.74) (2.55) (7.00) 
34 2005-56 17.98±0.76 112.55±0.59 17.96±0.69 3.33±0.36 15.96±0.70 
(4.35) (10.66) (4.35) (2.08) (4.12) 
35 2005-57 12.59±0.70 60.42±0.41 10.52±0.55 L76±0.48 17.40±0.79 
(3.68) (7.84) (3.39) (1.65) (4.29) 
36 2005-59 17.22±0.81 62.36±0.74 22.40±0.41 8.96±0.60 35.94±0.93 
(4.27) (7.96) (4.84) (3.15) (6.08) 
37 2005-60 16.04±0.7I 55.85±0.67 19.98±0.59 11.45±0.47 35.81±1.47 
(4.13) (7.54) (4.58) (3.53) (6.06) 
38 2005-61 17.57±0.55 75.67±0.47 19.47±0.49 4.44±0.45 25.74±0.80 
(4.31) (8.76) (4.52) (2.33) (5.17) 
39 2005-62 12.96±0.74 69.11±0.82 29.72±0.53 11.52±0.34 43.03±1.27 
(3.73) (8.37) (5.54) (3.54) (6.63) 
40 2005-64 23.56±0.54 110.57±0.43 12.46±0.61 1.70±0.54 11.27±0.56 
(4.95) (10.56) (3.67) (1.63) (3.50) 
41 2005-65 25.33±0.37 118.58±0.59 22.62±0.50 1.58±0.40 19.08±0.38 
(5.13) (10.94) (4.86) (1.60) (4.48) 
42 2005-66 17.50±0.79 85.87±0.66 10.56±0.66 2.40±0.49 12.30±0.79 
(4.30) (9.32) (3.40) (1.84) (3.64) 
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^sufts 
43 2005-67 17.04±0.78 99.52±0.70 10.51±0.42 2.51±0.47 10.55±0.35 
(4.24) (10.03) (3.39) (1.86) (3.40) 
44 2005-68 19.92±0.78 66.21±0.63 15.28±0.7I 1.72±0.51 23.09±1.20 
(4.57) (8.20) (4.03) (1.63) (4.91) 
45 2005-69 14.99±0.77 90.98±0.77 10.82±0.59 2.41±0.43 11.90±0.74 
(4.00) (9.59) (3.44) (1.84) (3.59) 
46 2005-72 19.11±0.77 76.37±0.57 9.72±0.36 2.73±0.51 12.73±0.45 
(4.48) (8.80) (3.27) (1.92) (3.70) 
47 2005-74 17.65±0.70 98.40±0.43 59.71±0.71 8.51±0.43 60.68±0.62 
(4.32) (9.97) (7.79) (3.08) (7.85) 
48 2005-76 23.48±0.90 66.52±0.35 14.20±0.36 2.51±0.42 21.36±0.61 
(4.95) (8.22) (3.90) (1.87) (4.73) 
49 2005-77 20.44±0.49 77.32±0.44 15.71±0.51 2.43±0.75 20.32±0.76 
(4.63) (8.85) (4.09) (1.83) (4.62) 
50 2005-78 12.89±0.70 99.22±0.56 9.67±0.53 1.70±0.54 9.75±0.56 
(3.72) (10.01) (3.26) (1.63) (3.28) 
51 2005-79 18.56±0.82 86.80±0.62 23.58±0.62 2.33±0.35 27.18±0.84 
(4.42) (9,37) (4.96) (1.82) (531) 
52 BG-256 21.27±0.90 136.62±0.82 13.52±0.52 5.67±0.57 13.32±0.62 
(4.72) (11.73) (3.81) (2.58) (3.78) 
53 DCP-92-3 18.27±0.83 118.24±0.52 30.38±0.36 2.41±0.34 25.70±0.41 
(4.39) (10.92) (5.60) (1.84) (5.17) 
54 KWR-108 14.51±0.54 128.89±0.67 11.42±0.63 3.04±0.62 11.92±0.74 
(3.94) (11.40) (3.52) (2.00) (3.59) 
55 ^^' 12.51±0.61 93.50±0.88 10.75±0.72 1.70±0.54 11.52±0.87 9516 
(3.67) (9.72) (3.43) (1.63) (3.53) 
Mean 
SEM± 
CD @ 5% 
CD @ 1% 
17.8 
0.03 
0.07 
0.09 
80.12 
0.03 
0.08 
0.11 
19.2 
0.05 
0.13 
0.17 
4.52 
0.05 
0.15 
0.19 
25.62 
0.08 
0.22 
0.29 
*Values in parenthesis are square root transformed value 
77 I P a g e 
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Table 6. Screening of chickpea cultivars according to different parameters during third 
sowing in the cropping season 2007-08 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Cultivars 
(IPC) 
2003-46 
2004-54 
2004-68 
2004-73 
2004-78 
2004-83 
2004-88 
2005-15 
2005-16 
2005-17 
2005-18 
2005-19 
2005-24 
2005-25 
2005-26 
2005-27 
2005-28 
2005-29 
2005-30 
2005-34 
Plant height 
(cms) 
20.95±0.71 
(4.68) 
17.63±0.66 
(4.31) 
19.69±0.76 
(4.55) 
23.94±0.72 
(4.99) 
18.59±0.52 
(4.42) 
16.50±0.46 
(4.18) 
25.35±0.56 
(5.13) 
17.88±0.76 
(4.34) 
17.55±0.54 
(4.31) 
25.38±0.58 
(5.14) 
16.35±0.57 
(4.16) 
20.50±0.73 
(4.64) 
15.49±0.70 
(4.06) 
17.64±1.20 
(4.31) 
17.18±0.67 
(4.26) 
18.74±0.52 
(4.44) 
19.30±0.63 
(4.50) 
17.65±0.97 
(4.32) 
19.83±0.63 
(4.56) 
24.57±0.55 
(5.06) 
Total pod/pl 
63.70±0.65 
(8.04) 
81.57±0.40 
(9.09) 
16.45±0.41 
(4.18) 
51.53±0.75 
(7.25) 
56.60±0.41 
(7.59) 
91.72±0.69 
(9.63) 
61.63±0.48 
(7.91) 
67.62±0.69 
(8.28) 
53.38±0.35 
(7.37) 
79.78±0.52 
(8.99) 
43.53±0.42 
(6.67) 
63.62±0.48 
(8.04) 
82.61±0.62 
(9.14) 
78.68±0.48 
(8.93) 
64.09±0.69 
(8.07) 
54.42±0.35 
(7.44) 
95.91±0.68 
(9.84) 
93.46±0.49 
(9.72) 
135.39±0.72 
(11.68) 
92.44±0.40 
(9.67) 
Infested 
pod/pl 
13.65±0.71 
(3.82) 
38.27±0.61 
(6.27) 
7.29±0.45 
(2.88) 
14.30±0.65 
(3.91) 
8.52±0.43 
(3.08) 
19.62±0.36 
(4.54) 
14.64±0.42 
(3.95) 
14.63±0.67 
(3.95) 
26.45±0.34 
(5.24) 
14.26±0.69 
(3.90) 
12.52±0.47 
(3.68) 
25.30±0.73 
(5.13) 
28.39±0.54 
(5.42) 
56.22±0.67 
(7.56) 
13.53±0.43 
(3.81) 
12.44±0.35 
(3.67) 
39.58±0.67 
(6.37) 
11.58±0.36 
(3.55) 
17.80±0.60 
(4.33) 
46.80±0.56 
(6.91) 
Larval 
count/pl 
8.45±0.59 
(3.07) 
17.79±0.60 
(4.33) 
6.25±0.64 
(2.69) 
7.59±0.65 
(2.93) 
5.81±0.55 
(2.60) 
8.63±0.35 
(3.10) 
9.26±0.44 
(3.20) 
7.73±0.45 
(2.95) 
10.64±0.60 
(3.41) 
4.55±0.32 
(2.35) 
5.55±0.38 
(2.56) 
18.28±0.60 
(4.39) 
10.49±0.62 
(3.39) 
15.59±0.64 
(4.07) 
7.60±0.61 
(2.93) 
8.39±0.41 
(3.06) 
10.6±0.556 
(3.41) 
4.69±0.61 
(2.38) 
5.69±0.62 
(2.58) 
28.77±0.58 
(5.46) 
Pod damage 
(%) 
21.44±1.24 
(4.73) 
46.91±0.73 
(6.92) 
44.25±1.90 
(6.72) 
27.73±0.90 
(5.36) 
15.05±0.68 
(4.00) 
21.39±0.24 
(4.73) 
23.75±0.51 
(4.97) 
21.62±0.77 
(4.75) 
49.55±0.54 
(7.11) 
17.87±0.76 
(4.34) 
28.75±0.81 
(5.45) 
39.77±0.99 
(6.38) 
34.36±0.52 
(5.95) 
71.45±0.61 
(8.51) 
21.10±0.48 
(4.70) 
22.86±0.49 
(4.88) 
41.27±0.60 
(6.50) 
12.39±0.36 
(3.66) 
13.14±0.41 
(3.76) 
50.63±0.54 
(7.19) 
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21 2005-35 15.75±0.68 92.57±0.68 21.25±0.71 7.63±0.38 22.95±0.65 
(4.09) (9.67) (4.72) (2.94) (4.89) 
22 2005-36 26.11±0.85 97.41±0.40 23.51±0.52 5.59±0.64 24.14±0.44 
(5.21) (9.92) (4.95) (2.56) (5.01) 
23 2005-37 21.07±0.78 75.50±0.49 24.33±0.35 11.72±0.53 32.22±0.27 
(4.70) (8.75) (5.03) (3.57) (5.76) 
24 2005-39 18.53±0.89 93.78±0.58 19.37±0.67 8.67±0.52 20.64±0.59 
(4.42) (9.74) (4.51) (3.11) (4.65) 
25 2005-41 21.93±0.65 109.52±0.31 17.43±0.45 4.66±0.51 15.91±0.37 
(4.79) (10.51) (4.29) (2.37) (4.11) 
26 2005-42 22.53±0.64 56.49±0.62 26.38±0.67 6.65±0.47 46.69±0.68 
(4.85) (7.58) (5.23) (2.76) (6.91) 
27 2005-43 19.46±0.90 97.97±0.69 11.64±0.51 5.45±0.46 11.88±0.43 
(4.52) (9.95) (3.55) (2.54) (3.59) 
28 2005-44 16.84±0.72 74.39±0.58 14.43±0.34 7.70±0.55 19.40±0.55 
(4.22) (8.68) (3.93) (2.95) (4.52) 
29 2005-45 14.77±0.86 65.01±0.69 17.38±0.67 8.41±0.59 26.72±0.74 
(3.97) (8.12) (4.29) (3.07) (5.26) 
30 2005-48 25.80±0.46 65.21±0.95 21.61±0.35 7.76±0.53 33.15±0.35 
(5.18) (8.14) (4.76) (2.96) (5.84) 
31 2005-52 19.28±0.52 59.04±1.04 23.63±0.34 20.45±0.60 40.05±1.01 
(4.50) (7.75) (4.96) (4.63) (6.41) 
32 2005-53 16.59±0.53 99.21±0.69 28.93±0.60 12.62±0.40 29.16±0.40 
(4.19) (10.01) (5.47) (3.69) (5.49) 
33 2005-54 18.22±0.52 48.76±0.55 22.34±0.60 13.77±0.57 45.83±1.46 
(4.38) (7.05) (4.83) (3.84) (6.84) 
34 2005-56 19.49±0.94 114.50±0.70 20.60±0.67 6.51±0.46 17.99±0.54 
(4.52) (10.75) (4.65) (2.74) (4.36) 
35 2005-57 14.76±0.52 56.66±0.74 13.50±0.34 6.58±0.55 23.82±0.49 
(3.97) (7.59) (3.81) (2.75) (4.98) 
36 2005-59 19.23±0.62 65.36±0.80 23.32±0.81 15.61±0.34 35.66±0.81 
(4.50) (8.15) (4.93) (4.08) (6.05) 
37 2005-60 18.40±0.53 58.44±0.69 23.66±0.43 16.54±0.33 40.49±0.91 
(4.40) (7.71) (4.97) (4.19) (6.44) 
38 2005-61 19.48±0.52 76.52±0.49 23.49±0.90 7.59±0.64 30.69±1.17 
(4.52) (8.80) (4.95) (2.93) (5.63) 
39 2005-62 15.41±0.54 71.53±0.51 32.77±0.67 16.61±0.45 45.80±0.64 
(4.05) (8.52) (5.81) (4.20) (6.84) 
40 2005-64 25.39±0.53 111.39±0.45 14.61±0.45 5.57±0.51 13.11±0.39 
(5.14) (10.60) (3.95) (2.56) (3.76) 
41 2005-65 26.87±0.72 102.12±0.88 26.24±0.54 4.73±0.43 25.69±0.42 
(5.28) (10.15) (5.22) (2.39) (5.17) 
42 2005-66 19.76±0.84 88.49±0.69 11.40±0.57 9.46±0.44 12.88±0.64 
(4.55) (9.46) (3.52) (3.23) (3.72) 
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43 2005-67 18.76±0.80 99.03±0.62 13.02±0.62 6.50±0.64 13.16±0.67 
(4.44) (10.00) (3.74) (2.73) (3.76) 
44 2005-68 21.77±0.70 67.66±0.61 17.86±0.59 7.41±0.37 26.42±1.05 
(4.77) (8.29) (4.34) (2.90) (5.23) 
45 2005-69 17.97±0.84 92.78±0.44 13.55±0.67 6.37±0.63 14.60±0.65 
(4.35) (9.68) (3.81) (2.71) (3.95) 
46 2005-72 21.30±0.53 77.97±0.61 10.25±0.75 8.60±0.47 13.13±0.86 
(4.72) (8.89) (3.35) (3.10) (3.76) 
47 2005-74 20.36±0.71 98.61±0.32 62.74±0.67 17.66±0.40 63.62±0.49 
(4.62) (9.98) (7.98) (4.32) (8.04) 
48 2005-76 25.30±0.84 67.46±0.60 12.82±0.61 10.57±0.38 19.02±1.06 
(5.13) (8.27) (3.72) (3.40) (4.47) 
49 2005-77 21.75±0.69 78.45±0.35 18.34±0.67 7.76±0.64 23.37±0.75 
(4.77) (8.91) (4.40) (2.96) (4.94) 
50 2005-78 15.28±0.54 50.69±0.60 12.33±0.67 6.40±0.60 24.31±1.04 
(4.03) (7.19) (3.65) (2.72) (5.03) 
51 2005-79 20.60±0.61 88.28±0.47 21.72±0.59 5.48±0.64 24.61±0.76 
(4.65) (9.45) (4.77) (2.54) (5.06) 
52 BG-256 23.57±0.56 133.83±0.51 16.54±0.44 11.79±0.60 16.36±0.56 
(4.96) (11.61) (4.19) (3.57) (4.17) 
53 DCP-92-3 20.63±0.52 119.53±0.58 33.48±0.45 9.38±0.57 28.01±0.24 
(4.65) (10.98) (5.87) (3.22) (5.39) 
54 KWR-108 16.50±0.38 124.14±0.81 16.47±0.52 6.37±0.63 16.84±0.51 
(4.18) (11.19) (4.18) (2.71) (4.22) 
55 SAKI-9516 ]4.53±0.41 96.43±0.42 13.80±0.50 5.56±0.58 14.31±0.50 
(3.94) (9.87) (3.85) (2.56) (3.91) 
Mean 
SEM± 
CD @ 5% 
CD@1% 
19.72 
0.05 
0.13 
0.17 
80.05 
0.03 
0.09 
0.11 
21.1 
0.06 
0.16 
0.21 
9.5 
0.04 
0.12 
0.16 
27.96 
0.06 
0.18 
0.24 
*VaIues in parenthesis are square root transformed value 
80 I P a g e 
(RgsuCts 
4.1.5 Grain yield 
The data regarding grain yield of various selected cultivars of chickpea and 
their analysis of variance are given in Table 7. The results reveal a highly significant 
difference {p < 0.05 and 0.01) among the cultivars. A maximum grain yield was 
recorded for IPC-2005-64 (1207.23 kg/ha), followed by IPC-2005-56 (1138.91 
kg/ha), IPC-2005-35 (1107.63 kg/ha), DCP-92-3 (1084.91 kg/ha) and IPC-2005-74 
(1061.78 kg/ha) while IPC-2004-68 (86.47 kg/ha) gave the lowest grain yield. 
Table 7. Pooled grain yield of different chickpea accessions/cultivars sown on different dates 
SI. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Cultivar 
DCP-92-3 
2005-64 
2005-56 
2005-35 
2005-74 
2005-28 
2005-79 
2005-65 
2005-24 
2005-77 
2005-61 
2005-25 
2005-17 
2005-44 
2005-68 
2005-48 
2005-18 
2005-76 
2004-88 
2005-57 
2005-42 
2005-27 
2005-54 
2005-16 
2005-53 
2005-78 
KWR-108 
SAKI-9516 
2005-41 
2005-43 
Yield (kg/Acre) 
1084.91 
1207.23 
1138.91 
1107.63 
1061.78 
985.01 
864.20 
919.01 
887.63 
836.81 
798.64 
839.80 
723.46 
817.85 
754.42 
692.32 
552.94 
615.76 
630.47 
617.36 
592.64 
603.43 
548.94 
570.42 
548.54 
603.93 
618.22 
497.02 
502.24 
494.74 
SI. No. 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
Cultivar 
2005-19 
2005-29 
2004-83 
2005-39 
2005-34 
2005-69 
2005-30 
2004-54 
2005-66 
2005-67 
2005-37 
2005-72 
2005-62 
2005-26 
2005-15 
2003-46 
2005-45 
2005-60 
2004-78 
BG-256 
2005-36 
2005-52 
2005-59 
2004-73 
2004-68 
Mean 
SEM± 
CD @ 5% 
C D @ 1 % 
Yield (l^Acre) 
494.91 
490.52 
246.96 
477.68 
482.94 
474.82 
453.78 
416.20 
428.10 
409.95 
391.51 
438.28 
377.83 
321.53 
339.09 
347.28 
346.15 
502.25 
282.05 
294.33 
250.10 
203.06 
205.60 
148.15 
86.47 
575.01 
0.47 
1.31 
1.72 
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4.1.6. Dendrogramical classification and screening of cultivars 
The multivariate of multi-factorial data on larval count, damaged pods and 
inverse of the total number of pods of the individual cultivars were used to construct a 
dendrogram with a view to further classify the cultivars broadly into tolerant and 
susceptible ones. Among each category, there was a slight variation in the extent of 
response shown with moderate or highly significant variations. Based on such 
variations, the cultivars were grouped as: 
Highly tolerant cultivars: On the basis of dendrogramical classification, the 
cultivars IPC-2005-44, IPC-2005-72, IPC-2005-26, IPC-2005-15, IPC-2004-73, IPC-
2005-76, IPC-2005-66, KWR-108, ffC-2003-46, IPC-2004-88, IPC-2005-45, BG-
256, IPC-2005-30, IPC-2005-64, IPC-2005-43, IPC-2005-41, IPC-2005-68, IPC-
2005-77, IPC-2005-39, IPC-2005-61, IPC-2004-83, IPC-2005-48, IPC-2005-56 and 
IPC-2005-79 could be safely grouped under the highly tolerant category. 
Moderately tolerant cultivars: The following cultivars ffC-2005-17, SAKI-
9516, IPC-2005-67, ffC-2005-69, IPC-2004-78, IPC-2005-57, IPC-2005-78, IPC-
2005-27, IPC-2005-18 and IPC-2005-29 showed a moderate tolerant response against 
the pod-borer damage. 
Tolerant cultivars: Under this category, the cultivars IPC-2004-68, IPC-
2005-19, IPC-2005-62, IPC-2004-54 and IPC-2005-28 were found to be less affected 
by the pest damage. 
Susceptible cultivars: Only six cultivars namely IPC-2005-24, IPC-2005-65, 
IPC-2005-35, DCP-92-3, IPC-2005-42 and IPC-2005-36 could be placed under this 
category of susceptible cultivars. 
Moderately susceptible cultivars: The cultivars IPC-2005-52, IPC-2005-60, 
IPC-2005-59, IPC-2005-37, IPC-2005-54, lPC-2005-16 and IPC-2005-53 were placed 
under moderately susceptible cultivars. 
Highly susceptible cultivars: Out of the 55 cultivars, only three cultivars 
namicly IPC-2005-25, IPC-2005-74 and IPC-2005-34 were found to be highly 
susceptible cultivars. 
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Figure 1 Dendogram of screened cultivars (based on larval count, damaged 
pods and inverse of the total number of pods/ plant) 
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4.2. Seasonal incidence 
With a view to provide a sound base of management of H. armigera, in 
cognizance with its integrated approach, attention was paid to assess the quantitative 
population fluctuations under the prevailing agro-climatic conditions of Aligarh. 
Pheromone traps were installed to monitor the population density of H. armigera by 
counting the moth population per trap, at weekly intervals. 
The data illustrate a comparative account of the trap catches vis-a-vis the 
standard weeks. The incidence of H. armigera moths commenced after 53 days of 
sowing and the earliest trap catch was noted in the 49 standard meteorological week, 
during rabi season 2006-07. These catches continued till the 25* week of sowing i.e. 
the 15* standard meteorological week and its population varied between 3.66 to 11 
moths/trap, hi other words, the population which appeared in the 1'* week of 
December (3.6 moths/trap) increased gradually with the vegetative growth of the crop 
and attained its peak in the second fortnight of April (11 moths/trap). Decreasing 
trend of pest trapping was, however seen in the month of May when it declined to 
ahnost negligible level. 
As far as the next brood in 2007-08 was concerned, the H. armigera adults 
made their appearance in the 40* standard week and eventually followed an ascending 
trend of increase in the population until the 48* week (4.67 moths/ trap). Fluctuations 
in the catches were however observed till the second week of January, whereas in the 
succeeding weeks there was again increase in the moth count. The months of 
Febmary and March also witnessed such ups and downs in the moth counts. 
Interestingly, the second year experienced more precipitations and related alterations 
in the abiotic arena led to an outbreak in the population. Thus, it was evident that the 
larval population commenced with early vegetative stage of chickpea, being low at 
active vegetative (49 DAS) and flowering stage (63 days) and high at grain 
development (112 DAS) and pod-fiUing stage and either aestivated or switched over 
to other alternative host with the harvest of the crop (Tables 8 & 9). 
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Table 8. Seasonal incidence of Helicoverpa male moths based on catches in pheromone 
traps; Cropping season 2006-2007 
Std week 
2006 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
2007 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Month 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
Crop stage 
Veg 
Flw 
Pod 
Grain fill 
Temperature ("C) 
max 
30.75 
30.07 
27.36 
26.79 
22.07 
21.07 
19.71 
19.79 
17.43 
16.96 
19.82 
17.61 
15.07 
18.32 
13.54 
18.79 
15.25 
21.29 
20.25 
23.32 
28 
22.29 
22.21 
21.64 
23.93 
27.96 
35.5 
35.21 
min 
25.11 
25.29 
21.64 
16.25 
15.25 
14.5 
13.71 
13.78 
10.32 
6.82 
5.29 
5.75 
6.43 
6.43 
3.81 
9.54 
5.43 
9.32 
10 
13.36 
15.8 
11.93 
14.63 
14.54 
14.89 
15.07 
19.14 
18.71 
Relative 
Humidity (%) 
max 
72.7 
75.43 
77.71 
84.43 
90.3 
82.14 
79.43 
84 
79.71 
82 
71.86 
81.5 
63 
77.28 
70.57 
74.43 
71.14 
69 
70.14 
72.29 
69.43 
65.43 
68.71 
79 
64 
67.29 
61.14 
56.71 
min 
63.3 
58.29 
76.14 
72.43 
70.14 
74.29 
75.86 
71.86 
66 
70.71 
70.57 
71.71 
62.2 
76.57 
63.43 
68.86 
65.86 
66.57 
64.86 
71.43 
63.57 
64 
68.57 
66.29 
58.57 
53.14 
47.29 
37.57 
Rainfall 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0.20 
0 
0 
0 
0 
0 
0 
0 
0.09 
0 
1.4 
0 
0 
0 
0 
Moth 
Catches/ 
trap 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3.66 
5.23 
5.40 
4.00 
4.26 
5.00 
5.01 
5.31 
5.41 
5.88 
6.30 
9.33 
8.85 
6.50 
7.47 
7.82 
7.00 
10.33 
11.00 
Veg : Vegetative stage; Flw : Flowering stage; Pod : Pod formation Stage; Grain Fill : Grain Filling 
Stage; Rainfall in mm 
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Table 9. Seasonal incidence of Helicoverpa male moths based on catches in pheromone 
traps; Cropping season 2007-2008 
Std week 
2007 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
2008 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Month 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
Veg : Vegetative stage 
Stage; Rainfall in mm 
Crop stage 
Veg 
Fllw 
Pod 
Grain All 
Temperature ("C) 
max 
30.04 
33.43 
28.54 
25.26 
27.79 
27.36 
25.21 
22.75 
20.32 
20.29 
18.11 
18.93 
16.64 
13.43 
13.96 
15.43 
16.21 
19.21 
18.32 
16.46 
21.11 
19.71 
22.43 
20.61 
25.57 
27.29 
29.89 
29.39 
; Flw : Flowering stage; 
min 
20.79 
20.25 
16.14 
13.78 
14.18 
12.75 
12.04 
10.14 
5.93 
8.64 
5.25 
5.86 
4.07 
3.18 
2.77 
6.26 
5.96 
12.19 
10.82 
10 
12.5 
12.25 
13.61 
12.11 
17 
19.96 
18.79 
20.64 
Relative 
Humidity (%) 
max 
72.57 
67.86 
76 
75.4 
74.14 
80.57 
77.71 
77.29 
69 
74.43 
74.43 
78.43 
80.57 
78.86 
73.86 
72.71 
81.71 
76.43 
84.71 
86.71 
78.86 
85.3 
79.14 
80 
80.71 
73.29 
69.57 
65.86 
min 
59.71 
59.43 
57.3 
73 
69.29 
61 
60.86 
61.14 
50 
53 
62.5 
63.14 
68.14 
56.29 
52.29 
50.29 
54.71 
60.57 
71.86 
82.29 
69.14 
71.7 
63 
67.43 
62.43 
47.71 
49 
53.86 
Rainfall 
0.74 
4.17 
0.071 
0.143 
0.657 
1.57 
9.94 
6.73 
4.43 
1.66 
Pod : Pod formation Stage; Grain Fill : 
Moth 
Catches/ 
trap 
1.93 
1.94 
2.35 
2.43 
2.84 
2.71 
2.90 
3.06 
4.67 
4.48 
4.39 
3.27 
2.74 
3.50 
6.73 
7.07 
4.60 
3.50 
3.25 
5.27 
4.00 
6.33 
6.98 
4.00 
9.67 
11.15 
11.67 
Grain Filling 
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4.3 Life table study 
4.3.1 Under controlled environment 
4.3.1.1. Age specific life-table 
Under control environment (26 ± 1°C and 65 ± 5% RH), the two successive 
generations of Helicoverpa armigera required a maximum of 37 (1^' generation) and 
42 days (2 generation) to complete its generation. The highest mortality of this 
species was recorded on 35*, 34* and 36* day in 1'^  generation and 39* and 38* day 
in the 2°'* generation. The early instars showed more deaths than the late instars. A 
steady intermittent decline in the life-expectancy was observed from the beginning of 
the generation till its culmination (Tables 10 & 11). 
4.3.1.2 Stage specific life-table 
4.3.1.2.1 Apparent mortality 
The perusal of tables (12-13) pertaining to apparent mortality for two 
successive generations revealed pronounced variations in the trend of mortality at 
different development stages. At egg stage, the highest mortality was recorded as 11% 
in 1^ ' generation and 7% in T^ generation. Whereas, between larval instars, it was 
maximum (16.85%) at the 1'' instar stage followed by 12.16, 6.15 and 3.28% in the 
subsequent larval instars i.e. II"'', Ilf and V' stage, respectively. Interestingly, the 4* 
and 6 instars didn't exhibit any mortality. The pre-pupal and pupal stages also 
revealed pronounced variation in mortality. The pre-pupal stage faced 5.08% 
mortality in T' generation and 8.62% in 2"'' generation. Similarly, the pupa 
encountered 8.93% and 13.21% mortality in con^esponding generations. 
4.3.1.2.2 Survival fraction 
Variation in survival fraction was of low order (0.89 and 0.93%) at the egg 
stage in both generations. When a comparison was made among the larval instars, it 
was noticed that the values were more or less on par with each other. Survival fraction 
(Sx) was found maximum (1.00%) at the 4* and 6* instar and minimum at the 1^ ' 
instar stage in the f' generation. However, in the T^ generation, among larval instars, 
the Sx remained highest (0.98) at 5* instar stage while the f' two instars recorded the 
least survival fractions (0.86%) (Table 12-13). 
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4.3.1.2.3 Mortality survivor ratio 
The data on the survival ratio revealed that the pattern was inversely 
proportional to Sx but similar to that of apparent mortality. Of all the stages, MSR was 
foiind maximum (0.20) at 1^ ' instar stage. The pre-pupa recorded 0.05 and the pupal 
stage had 0.01 MSR value. The ratio, however, remained zero for the 5* and 6* 
instars resulting from nil mortality. In the next generation, among larval instars, 
minimum MSR value was recorded at 4*, 5* and 6* instars in contrast to maximum in 
the 1^ ' and 2"'' instar stage (0.16%). Furthermore, when pre-pupal and pupal stages 
were examined, the lowest MSR values were computed as 0.09% at the pre-pupal 
stage followed by 0.15% at the pupal stage (Table 12-13). 
4.3.1.2.4 Indispensable mortality 
It was apparent from the data (Table 3 & 4) that the frend for the Indispensable 
mortality (M) was quite similar to that of MSR. When the different larval stages were 
compared, the maximum IM to the tune of 10.34 was recorded at the 1*' instar stage 
followed by the second high of 7.6 at the 2"** instar stage during 1^ ' generation. The 
minimum IM was found zero at 4* and 6* instar stages. On the other hand, in 2"^  
generation, the highest IM was recorded at 1^ ' instar stage (7.48) closely followed by 
2° instar (7.33) and minimum in the S'^ instar stage (0.77). The pre-pupal stage 
registered a value of 2.73 in the 1^* generation and 4.34 in the next generation. Lastly, 
the indispensable mortality was seen at the pupal stage to the tune of 5 and 7 in 1^ ' and 
2"'' generation, respectively (Table 12-13). 
4.3.1.2.5 k-values 
The highest 'k' (0.0802 and 0.0654) was found at f' instar in 1'' and 2"'' 
generation, respectively. Confrarily, it remained zero at 4"^  and 6* instar stage in thel^' 
generation, while in 2"^  generation, the least k value was acquired by the 5* instar 
larvae. At pre-pupal stage, k-value remained to the extent of 0.0227, whereas at the 
pupal stage, 0.0406 in 1^ ' and in 2"** generation, it was computed as 0.0392 and 
0.0615, respectively. The total generation mortality 'K' was recorded more (0.3372) 
in 2"'' generation than that of 1'' generation (0.2924) (Table 12-13). 
4.3.1.3 Life and fertility-table 
The observations revealed that the females laid their eggs during a definite 
period of pivotal age (Tables 14-15). The maximum pivotal age of//, armigera was 
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found to be 36.5 days (1 '^ generation) and 41.5 days (2"^  generation) with the 
minimum period was found to be 29.5 days (!*' generation) and 33.5 days (2"** 
generation). The 2"'' generation recorded a natality period of 9 days as against 8 days 
in the 1^ ' generation. A marked difference was noticed in the egg laying capacity ofH. 
armigera in both the generations. The maximum number of eggs was laid during three 
days viz., 31.5*, 32.5* and 33.5* day, contributing 68% of the total fecundity (305 
eggs/female). The potential fecundity (379.76 eggs/female) and doubling time (5.90 
days) was recorded more in 2"'* generation than that of 1^ ' generation. The net 
reproductive rate was recorded to be 51.21 females/female/generation in 1^* generation 
and 72.54 females/female/generation in 2"** generation (Tables 14-15). 
The mean time required to complete its generation ranged from 31.98 to 36.63 
days (1^' and 2" generation, respectively). The intrinsic rate of increase was examined 
to be 0.1236 females/female/day, repetitively in both the generations. Moreover, the 
1^ ' generation recorded higher values for the finite, intrinsic and aimual rate of 
increase of population in comparison to T^ generation (Table 16). 
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Table 10. Age specific life table of Helicoverpa artnigera under controlled environment; 
Generation I 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Ix 
100 
100 
95 
92 
89 
83 
79 
74 
69 
65 
64 
62 
61 
61 
61 
60 
60 
59 
59 
59 
57 
56 
56 
55 
55 
53 
53 
52 
52 
51 
51 
48 
dx 
0 
5 
3 
3 
6 
4 
5 
5 
4 
1 
2 
1 
0 
0 
1 
0 
1 
0 
0 
2 
1 
0 
1 
0 
2 
0 
1 
0 
1 
0 
3 
2 
lOOq, 
0.0 
5.0 
3.2 
3.3 
6.7 
4.8 
6.3 
6.8 
5.8 
1.5 
3.1 
1.6 
0.0 
0.0 
1.6 
0.0 
1.7 
0.0 
0.0 
3.4 
1.8 
0.0 
1.8 
0.0 
3.6 
0.0 
1.9 
0.0 
1.9 
0.0 
5.9 
4.2 
U 
100.0 
97.5 
93.5 
90.5 
86.0 
81.0 
76.5 
71.5 
67.0 
64.5 
63.0 
61.5 
61.0 
61.0 
60.5 
60.0 
59.5 
59.0 
59.0 
58.0 
56.5 
56.0 
55.5 
55.0 
54.0 
53.0 
52.5 
52.0 
51.5 
51.0 
49.5 
47.0 
T 
2228.0 
2128.0 
2030.5 
1937.0 
1846.5 
1760.5 
1679.5 
1603.0 
1531.5 
1464.5 
1400.0 
1337.0 
1275.5 
1214.5 
1153.5 
1093.0 
1033.0 
973.5 
914.5 
855.5 
797.5 
741.0 
685.0 
629.5 
574.5 
520.5 
467.5 
415.0 
363.0 
311.5 
260.5 
211.0 
e. 
22.3 
21.8 
21.7 
21.4 
21.5 
21.7 
22.0 
22.4 
22.9 
22.7 
22.2 
21.7 
20.9 
19.9 
19.1 
18.2 
17.4 
16.5 
15.5 
14.8 
14.1 
13.2 
12.3 
11.4 
10.6 
9.8 
8.9 
8.0 
7.0 
6.1 
5.3 
4.5 
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32 
33 
34 
35 
36 
37 
46 
45 
41 
31 
17 
7 
1 
4 
10 
14 
10 
7 
2.2 
8.9 
24.4 
45.2 
58.8 
100.0 
45.5 
43.0 
36.0 
24.0 
12.0 
3.5 
164.0 
118.5 
75.5 
39.5 
15.5 
3.5 
3.6 
2.8 
2.1 
1.6 
1.3 
1.0 
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Table 11. Age specific life table of Helicoverpa amtigera under controlled environment; 
Generation n 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Ix 
100 
100 
97 
95 
94 
93 
86 
83 
80 
75 
71 
69 
65 
63 
63 
62 
62 
61 
61 
60 
52, 
58 
58 
55 
53 
51 
51 
51 
48 
48 
48 
47 
dx 
0 
3 
2 
1 
1 
7 
3 
3 
5 
4 
2 
4 
2 
0 
1 
0 
1 
0 
1 
2 
0 
0 
3 
2 
2 
0 
0 
3 
0 
0 
1 
1 
lOOq, 
0.00 
3.00 
2.06 
1.05 
1.06 
7.53 
3.49 
3.61 
6.25 
5.33 
2.82 
5.80 
3.08 
0.00 
1.59 
0.00 
1.61 
0.00 
1.64 
3.33 
0.00 
0.00 
5.17 
3.64 
3.77 
0.00 
0.00 
5.88 
0.00 
0.00 
2.08 
2.13 
Lx 
100.00 
98.50 
96.00 
94.50 
93.50 
89.50 
84.50 
81.50 
77.50 
73.00 
70.00 
67.00 
64.00 
63.00 
62.50 
62.00 
61.50 
61.00 
60.50 
59.00 
58.00 
58.00 
56.50 
54.00 
52.00 
51.00 
51.00 
49.50 
48.00 
48.00 
47.50 
46.50 
T 
2462.00 
2362.00 
2263.50 
2167.50 
2073.00 
1979.50 
1890.00 
1805.50 
1724.00 
1646.50 
1573.50 
1503.50 
1436.50 
1372.50 
1309.50 
1247.00 
1185.00 
1123.50 
1062.50 
1002.00 
943.00 
885.00 
827.00 
770.50 
716.50 
664.50 
613.50 
562.50 
513.00 
465.00 
417.00 
369.50 
Cx 
24.62 
23.98 
23.58 
22.94 
22.17 
22.12 
22.37 
22.15 
22.25 
22.55 
22.48 
22.44 
22.45 
21.79 
20.95 
20.11 
19.27 
18.42 
17.56 
16.98 
16.26 
15.26 
14.64 
14.27 
13.78 
13.03 
12.03 
11.36 
10.69 
9.69 
8.78 
7.95 
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32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
46 
46 
46 
44 
40 
37 
32 
24 
15 
10 
6 
0 
0 
2 
4 
3 
5 
8 
9 
5 
4 
6 
0.00 
0.00 
4.35 
9.09 
7.50 
13.51 
25.00 
37.50 
33.33 
40.00 
100.00 
46.00 
46.00 
45.00 
42.00 
38.50 
34.50 
28.00 
19.50 
12.50 
8.00 
3.00 
323.00 
277.00 
231.00 
186.00 
144.00 
105.50 
71.00 
43.00 
23.50 
11.00 
3.00 
7.02 
6.02 
5.13 
4.43 
3.74 
3.06 
2.54 
2.21 
1.88 
1.38 
1.00 
93 I P a g e 
e 
o 
IM 
a 
O 
C 
o 
La 
B 
V 
-O 
"o 
L< 
• ^ ^ B O 
u 
•o 
S 
S 
s 
I 
« 
is: 
o 
01 
03 
s 
* 3 
a 
&X) 
H 
> 
o 
4> 
s « 
<n O 
^ s 
s 
a g o 
*^ > a 
i> k« h. 
5 3 
.£: .2 
is ^ 
a o 
< S 
13 
03 O 
^ B « 
•S -S M 
vo 
o 
>r> 
o 
o 
(N 
o 0 0 
o 
o 
m VO 
•o 
o 
o 
^ 
r--
<N 
o 
o 
o 
o 
o 
o 
o 
>n 
•* t—1 
o 
o 
o 
o 
o 
o 
o 
t^ 
(N (N 
o 
o 
VO 
o 
^ 
o 
o 
<U 
00 
n 
a. 
en 
o ^ (N 
o o\ a\ 
o • * ^ 
O ON 0 0 
(N — < • ^ 
o\ m m a\ o\ fN >o 
cs v^  o^ o o 00 r-
^ OO 0 0 t--- t~- • * O 00 r^  r~- r^  f- t^ t^ ^ 
H 
II 
0) 
OS X 
o 
CI 
so O 
o 
r- ro 
o 
o 
o »-H 
o 
o 
o fS 
o 
o 
v~t 
(N O 
o o o 
o 
o 
o ^ 
r-~ o ro o <n o 
o o o o o -^ 
d d o o o d 
CT\ 
0 0 m 0 0 
0 0 
oo 
-rf 
OS 
o 
o 
r-
a\ 
o 
o 
•n ON 
^ H 
a\ 
f—4 O '—• 
IT) VO 
OO >—I 
^ vo (N 
^ o 
0 0 
CN 
O 
O 00 o 
::^  :ii ^ ^ 
:: '^ ^ 
o 
o 
d 
o 
• ^ 
t-
m 
vo 
, — 1 
VO 
. — 1 
vo 
a\ 
i n 
o\ 
IT) 
VO 
W-1 
» — 1 
<n 
Df) 
6J) 
w 
l l 
C3 
CO 
_C 
M 
UH 
CO 
a 
•a 
CI oo 
u 00 
CO 
to 
J3 
•T3 
H 
a 
^ 
^ 
o 
u-
t ; CO c3 
a .S §" 
k ^ ^ 
£ t:^  a< 
a 
cu 
:3 
< 
a 
o 
S3 
u 
a 
a 
v 
S 
a 
o 
u 
'> 
e 
u 
-d 
"o 
la 
S 
o u 
;• 
01 
• B S S 
.1 
I 
o 
at 
*3 
a 
o 
on 
H 
I 
o 
h4 
V 
CS 
w 
\i (U 
a V) 
-o 
e 
^ 
a 
ct 
l> 
o S 
3 5 .2 
* * > OS 
rt *- *-
5 s 
II 
v^ 
»—< 
m 
o 
• * 
<n VO 
o 
<N 
^ VO 
o 
>n 0 \ 
m 
o 
o 
rr 1-H 
o 
<N 
r~-
o 
o 
r-
• ^ 
o 
<N 
0^ 
m 
o 
>r> 
1—4 
VO 
O 
CO 
a. 
m 
en 
o >n -H 0 0 
O OO CO 0 0 o ^ o m 
O OS OS 0 0 
oj ^ - ; ^ 
m m f s rf ro 00 
o\ >o oo (^ •<1- CN OS 00 t~- ^ fS VO t^ c~- t^ o r- vo fc^ 
CO C-^ 
00 00 OS o o 
^ o ^ 
0^  
!/3 
^ 
0 0 
O 
o 
so 
O 
SO 
f — 4 
o 
o 
o 
o 
o 
<N 
o 
o 
o 
o 
OS 
o 
o 
v-> 
o 
3 
Z .S « 2 
« o 
o 
Z 
4) 
<U 
es 
• * a 
t/5 
X 
m OS 
so 
0 0 
SO 
0 0 
1—1 
OS r^  OS 
0 0 
OS r--OS ^^  o> 
f-
oo 
o 
o 
0 0 
OS 
f" 2 2 
o 
0 0 
r-~ 
ro 
so 
— 1 CO 
SO 
0 0 
4-H 
4—4 
o 
o 
r-s 
O 
m -H ^ 
4 — 4 1 — 4 ^ ^ 
(N -H (N SO 
o 
o ro OS 
O 
0 0 
OS 
so 
ro 
so 
_^ 
so 
o 
so 
oo 
>n 
m 
>o 
so 
'^ 
00 
t>0 
fc 
c3 
crt 
C 
•o 
c 
o f ) 
<1> 
on 
;-< C3 
Cfl 
»J 
"O 
X ! 
H 
V-c 
03 
c 
• b ^ 
u 
y O 
H . 
C8 ^ 
t/1 
4:4 
UH 
•5 
on 
03 
OH 
C3 
CU 
3 
B! 
u 
c 
O 
a 
o 
> 
s 
•a 
a o ;. 
*^ 
a 
o 
o 
;-> 
V 
S 
s 
.1 I 
I 
o 
<u 
HJ 
-* 
J3 
o 
la 
V 
on 
« -
4> CO 
II o (J 
o 
o 
II 
u 
00 
ID 
> 
S -w a 41 
Z o 
St 
4> 
bt 
CS 
o 
> 
^^ v> 
>» 
R •a 
—^' 
X 
T — t 
(N 
t--
v^ 
• ^ ' 
T — ( 
^ 
m 
^ 
^ (50 
'-^  
rn 
00 
<N 
O 
( N 
tN 
^ VO 
"O 
'-'^  
^ (N 
0 \ 
VO 
t - H 
vo 
<N 
T - H 
00 
CN 
00 
o 
o 00 
<n CT\ 
O 
r-
o 
m 
:^  "* 
o o 
o 
o 
r-
>n 
^ 
^^  
>o 
Tf 
oo 
»—' 
m 
o f S 
CN 
r - (N 00 vo ^ 
o\ ^ o a\ m 
^ (N • * O O (N ^ O O O 
d o o d d 
vo o 
r-< tN 
o 
<N d 
Ti-
r o 
O (N <N CO in 
o >>o >o o 
00 VO O fvj ^ 
Tj- (M ^ fN -H 
<N 
CN 
c-~ d 
o 
o 
'u 
a 
s 
o 
o 
a 
>• 
o 
a 
Ml 
0) 
3 
IT) 
00 
I/) 
d 
o 
00 
o 
o 0\ 
2: f-
o 
OS 
(N 
00 (N 
. O 
: 0 
CN 
o 
o 
^' in 
o 
CD 
oo' 
00 
o o o Q 
<=> '= ! «R o 
vo ON - ^ r-: 
vo CN ^ ^ 
CN 
m 
o 
o 
<n 
o 
r o 
m 
d 
i n 
CN 
d 
(N 
d 
CN 
. o 
O r< 
O 
0 \ 
CN o 
i n i n 
(N 
ro 
i n 
ro 
in 
in 
i n 
P 
a 
o 
•G 
a 
u 
4) 
c 
Si 
O 
a 
S 
o 
_;-
'> 
c 
"o 
u 
•^ 
a 
o 
u 
;• 
9i 
•o 
e 
s 
5 
.!» 
o 
u 
S 
1/5 
,2 
H 
3 
O 
ISC 
COD 
C« 
JS . 
^ - ^ 
c « 
« I 
e 
o 
u 
'« 
o S 
« i 
2 ""• 
"a 2 
> 
o 
<*5 
1-1 
iH 
o 
I  
> 
o u 
u 
a, 
a 
u 
•t-i « 
Z 
a- ^ 
DC 
4> 
03 . ^ 
o -o 
> ^^ 
01 
00 
a. 
r- ;r; 
00 
O 
<0 
d
'T, r—i 
00 
o 
d 
v, 
o\ 
<N 
0\ 
d 
o 
o 
d 
1—t 
CN 
r-
o 
d 
^^  
>n 
o 
-^^  
d 
o 
o rr\ 
CN 
d 
m 
o 
^ 
<N 
d 
<N 
• ^ 
00 
t — 4 
d 
r-
o 
^^  
d 
»—< 
o (N 
O 
d 
lO 
VO 
O 
O 
d 
,—( (N 
O 
o 
d 
o 
o 
1-H 
oo 
X 
T3 
*C 
a 
e 
o 
o 
a 
*> o 
I 
;• 
13 
e 
A 
in 
(1) 
on 
s 
IT) 
o 
if) 
d 
oo 
00 
o 
m 
o 
tN 
00 
oo 
^ s 
IT) 
o 
vo P ? 
= s 
(N (N 
O 
o d 
o 
ro O «0 CN 
'^ o 
OS 
(N 
<N 
^ o 
in 
oo 
00 
OS 
^ q 
<n 
o 
0\ 
OS 
CN 
d 
00 (N 
d 
so 
(N d 
(N 
d 
OS 
d 
'^  
d 
OS 
o d 
q 
d 
o 
d 
•n 
ro 
m 
<n in >n 
so 
in 
i> 
>n 
00 
<n 
OS 
"n 
d 
<n 
-si-
s 
sd 
so 
cs 
CN 
SO 
Os' 
Table 16. Life Table Parameters in controlled environment 
(Rfsufts 
Generation I Generation 11 
Potential Fecundity 305.00 379.76 
Net Reproductive Rate 51.21 72.54 
Mean Length of Generation 31.98 36.63 
Doubling Time 5.61 5.90 
Finite Rate of Increase 1.13153 1.12457 
Intric Rate of Increase (r) approx 0.12306 0.11697 
Intric Rate of Increase (r) accurate 0.12357 0.12357 
Annual Rate of Increase 3.87x10' 4.08x10' 
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4.3.2 Under natural environment 
4.3.2.1 Cropping season 2006-07 
4.3.2.1.1 Age specific life-table 
Under natural environment, H. armigera completed its entire life cycle in 43 
days and 48 days in 1^ ' and 2"'' generation, respectively (Tables 17-18). In 1^ ' 
generation, after an initial drop of population, the mortality count was stable for some 
days but again on 39*, A\^\ A2^ and lastly on the 43"^  day sharp peaks of mortality 
were observed. A similar undulating pattern was also seen in the mortality record on 
the 39^ 40^ 41'', 44* and 45* day in 2"'' generation of their lifespan. Nevertheless, 
hfe -expectancy showed a slow and steady decline from day one till the culmination 
of the generations. 
4.3.2.1.2 Stage specific life-table 
4.3.2.1.2.1 Apparent mortality 
While comparing the apparent mortality at different developmental stages, it 
was revealed that the 1^ ' instar stage recorded its maximum value (0.12 and 9.01) in 
both the generations (Tables 19- 20). However, it got reduced in the subsequent larval 
instars. Marked difference on apparent mortality was seen in the pre-pupal and pupal 
stages. The pre-pupa faced 2.86% mortality and the pupae recorded 7.35% mortality 
in the 1^ ' generation. Parallely, the corresponding values for mortality were registered 
as 1.47 for the pre-pupa and 8.96 for the pupal stage, in the 2 generation, 
respectively. The mortality of very low order was seen at 4*, 5 and 6' instar stages 
in both the generations. 
4.3.2.1.2.2 Survival fraction 
All the developmental stages of H. armigera showed a marginal difference 
with respect to Survival fraction (Sx). It was found maximum (0.99) each at 4 , 5 
and 6* larval instars and minimum (0.89) at the I^ ' instar stage in the 1^ ' generation. 
Similar trend was also observed in the subsequent generation (Tables 19- 20). 
4.3.2.1.2.3 Mortality survivor ratio 
The mortality survival ratio was recorded maximum (0.12) at 1^ ' instars stage 
in contrast to minimum (0.01) at 4* to 6* instar larval stages in 1^ ' generation. The 
pre-pupal stage showed a relatively higher (0.08) ratio than that observed at the pupal 
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Stage (0.03). While comparing the MSR among larval instars in the 2"** generation, the 
f instar exhibited the highest ratio (0.12) than others. Furthermore, when pre-pupal 
and pupal stages were examined, the respective lowest MSR values were evaluated as 
0.01 at the pre-pupal stage and 0.10 at the pupal stage (Tables 19- 20). 
4.3.2.1.2.4 Indispensable mortality 
The maximum indispensable mortality to the tune of 8.90 was recorded at T' instar 
stage as against minimum (1.01) at 4'*' instar stage in the l^ generation and moreover, 
similar was the trend observed in 2""* generation. The pre-pupal stage registered IM as 
high as 2.15 in 1^* generation in contrast to 1.09 in 2""^  generation. However at pupal 
stage, the mortality was registered as 5.79 and 7.18 in 1^ ' and 2°'' generation, 
respectively (Tables 19- 20). 
4.3.2.1.2.5 k-values 
The k-values were recorded to be on par with each other for the 4*, 5* and 6* 
larval instars in both the generations, differing marginally. The highest values 0.0500 
and 0.0506 were attained for 1^ ' instar larval stage in both 1^* and 2°'' generations. The 
total generation mortality 'K' was computed to be maximum (0.2147) in 2"'^  
generation as compared to minimum (0.2007) in 1^ ' generation (Tables 19- 20). 
4.3.2.1.3 Life and fertility-table 
As was discerned from the findings, the females of H. armigera deposited 
their eggs within 9 days in 1^ ' generation and within 10 days in 2" generation, hi 1^ ' 
generation, the maximum eggs were laid on 39.5*, 40.5*, and 41.5* day which 
contributed to 59.86% of the total eggs laid. Likewise, in 2"'' generation, the 
maximum number of eggs was found in the 39.5* day of the oviposition period. 
Higher carrying capacity of 88.52 was witnessed in V' generation as compared to 
84.91 in 2"^^ generation. The potential fecundity was 362.99 eggs/female in 1^ ' 
generation which was of low order as against 375.09 eggs/female in 2" generation 
(Tables 21-22). 
On comparing the mean length of generation and doubling time, it was 
revealed that their maximum values to the tune of 39.95 days and 6.21 days, 
respectively, were found in 2'"* generation. The accurate intrinsic rate of increase was 
of higher magnitude (0.1130 females/female/day) in 1'' generation than that of 
(0.1117 females/female/day) T^ generation. Further, the finite and intrinsic rate of 
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increase of population (1.1197, 0.1125 females/female/day and 8.26 x lO'^ /annum, 
respectively) were also found of high order in the 1^ ' generation. 
4.3.2.2 Cropping season 2007-08 
4.3.2.2.1 Age specific life-table 
The age-specific lifetables clearly indicated that under its natural biome, the 1^ ' 
generation population of//, armigera needed 46 days whereas the 2" generation took 
52 days to complete its lifespan. Intermittent pauses in the age specific survivorship 
(Ix) were also observed in both the generations. In 1^  generation, the peaks of 
mortality were noticed at 5*, 39*, 40*, 41'' and 44* day whereas in 2"^ generation 
more death were reported on 5*, 51 '^ and 52"'' day showing an ascending trend of 
mortality. As far as the life expectancy was concerned, negligible increase was 
encountered on the 2"'', 8* and 9* day in 1'' generation and on the 2"^ 5*, 6*, 7*, 8*, 
9* and 10* day in 2"*^  generation, followed by a gradual decline till the generation got 
terminated (Tables 23- 24). 
4.3.2.2.2 Stage specific life-table 
4.3.2.2.2.1 Apparent mortality 
All the developmental stages of// armigera showed a marked variation with 
respect to the apparent mortality. The number of deaths encountered in 1*' generation 
was maximum at 1^ ' instar larval stage (13.48) followed by the 2" instar stage (11.69) 
and the egg stage (11.00), whereas, other instars and stages revealed less mortality. 
Similarly, in 2"'' generation, 1^ ' instar stage again registered maximum deaths (14.77). 
A sharp rise was however noticed at pupal stage showing 11.86 and 10.91% mortality 
in both the generations, respectively (Tables 25-26). 
4.3.2.2.2.2 Survival fraction 
Survival fraction exhibited low order variation at early larval stages in both the 
generations. Sx was found maximum (0.98) at 4* and 6* larval instars and minimal at 
the pupal stage (0.88%) in 1^ ' generation. In the subsequent generation, among larval 
instars, the Sx remained highest (0.98) at 4* and 5* instar and lowest (0.85%) at f' 
instar stage. The pupal stage, however, recorded an unvaried survival fraction of 
0.89% (Tables 25- 26). 
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4.3.2.2.2.3 Mortality survivor ratio 
An intermittent pattern similar to that of apparent mortality was followed with 
respect to Mortality survival ratio in 1^ ' and 2"^* generations where the values exhibited 
a decreasing trend. MSR was found maximum (0.16) at 1"' instars stage in 1^ ' 
generation and minimum (0.02) each at 4* and 6* instars, respectively (Tables 25-
26). 
In 2"'' generation, among larval instars, the minimum MSR value was recorded 
at 3"* and 4"^  development instars and it remained highest at 1*' instar stage (0.17%). 
Furthermore, when pre-pupal and pupal stages were examined, the respective lowest 
MSR figures were evaluated as 0.05% at pre-pupal and 0.12% at pupal stage. 
4.3.2.2.2.4 Indispensable mortality 
A marked variation was recorded for the IM values at the different 
development stages ofH. armigera. The maximum IM to the tune of 11.38 and 12.65 
was recorded at 1^ ' instar stage in both generations in contrast to 4* instar stage 
registering the minimum of 1.14 and 1.20 % mortality, repetitively. The pre-pupal 
stage registered a value of 2.47 in 1^* generation and 3.98 in 2"'* generation. However, 
the indispensable mortality at the pupal stage was of much higher magnitude i.e. 9.83 
and 8.94 %, respectively in both the generations (Tables 25- 26). 
4.3.2.2.2.5 k-values 
The k-values exhibited the pattern in accordance with IM, wherein the 
maximum value to the tune of 0.0520 was found at the 1^ ' instar stage in 1^ ' generation 
and 0.0506 in 2"'' generation. The minimum k value was however obtained at the 4* 
instar stage (0.0060) in 2"'' generation and the 6* instar (0.0071) stage in l" 
generation. On comparison of the total generation mortality 'K', it was propounded 
that the maximum mortality was encountered in 2"'' generation (0.3098) as against the 
minimum of 0.2840 in 1^ ' generation (Tables 25- 26). 
4.3.2.2.3 Life and fertility-table 
During 1^ ' generation, the females commenced egg laying on 37.5 day and 
ending on 47.5"" day whereas in the 2"'' generation it was observed on 38.5' day and 
continued till the 48.5"^  day. More number of eggs was laid on 40.5"', 41.5' and 
12.57"" day contributing 205.28 eggs i.e 52.78 % of the total eggs laid in 1'' 
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generation. Similar was the trend in 2"'' generation wherein the females produced 
263.01 eggs between 40.5 to 43.5* day exhibiting a total share of 67.23% of the total 
egg natality. The potential fecundity and net reproductive rate were recorded to be 
more (391.18 eggs/female and 76.56 females/female/generation, respectively) in 2° 
generation as compared to that of 1^ ' generation (388.90 eggs/female and 79.73 
females/female/generation, respectively). Following the same trend, the mean length 
of generation and doubling time were also found maximum (42.22 days and 6.72 
days, respectively) in 2"'' generation and minimum (41.36 and 6.52 days, 
respectively) in 1^ ' generation. The maximum finite, intrinsic and aimual rate of 
increase were observed as 1.1122, 0.1059 females/female/day and 7.30 x lO'^ /aimum, 
respectively in 1^ ' generation. Whereas, the corresponding values for minimal rate of 
increase were witnessed as 1.1087, 0.1028 females/female/day and 2.28 x 
lO'^ /annum, respectively in 2"'' generation (Tables 27- 29). 
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Table 17. Age specific life table of Helicoverpa armigera under natural environment; 
Cropping season 06-07. Generation I 
Ix d, lOOq, L , X X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
100 
100 
96 
93 
92 
92 
87 
84 
82 
81 
78 
75 
75 
74 
73 
73 
73 
72 
72 
71 
71 
71 
70 
70 
70 
70 
68 
68 
67 
67 
67 
0 
4 
3 
1 
0 
5 
3 
2 
1 
3 
3 
0 
1 
1 
0 
0 
1 
0 
1 
0 
0 
1 
0 
0 
0 
2 
0 
1 
0 
0 
1 
0.00 
4.00 
3.13 
1.08 
0.00 
5.43 
3.45 
2.38 
1.22 
3.70 
3.85 
0.00 
1.33 
1.35 
0.00 
0.00 
1.37 
0.00 
1.39 
0.00 
0.00 
1.41 
0.00 
0.00 
0.00 
2.86 
0.00 
1.47 
0.00 
0.00 
1.49 
100.00 
98.00 
94.50 
92.50 
92.00 
89.50 
85.50 
83.00 
81.50 
79.50 
76.50 
75.00 
74.50 
73.50 
73.00 
73.00 
72.50 
72.00 
71.50 
71.00 
71.00 
70.50 
70.00 
70.00 
70.00 
69.00 
68.00 
67.50 
67.00 
67.00 
66.50 
3015.00 
2915.00 
2817.00 
2722.50 
2630.00 
2538.00 
2448.50 
2363.00 
2280.00 
2198.50 
2119.00 
2042.50 
1967.50 
1893.00 
1819.50 
1746.50 
1673.50 
• 1601.00 
1529.00 
1457.50 
1386.50 
1315.50 
1245.00 
1175.00 
1105.00 
1035.00 
966.00 
898.00 
830.50 
763.50 
696.50 
30.15 
29.74 
29.81 
29.43 
28.59 
28.36 
28.64 
28.47 
27.98 
27.65 
27.70 
27.23 
26.41 
25.76 
24.92 
23.92 
23.08 
22.24 
21.38 
20.53 
19.53 
18.66 
17.79 
16.79 
15.79 
15.00 
14.21 
13.30 
12.40 
11.40 
10.47 
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31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
66 
66 
66 
66 
64 
63 
60 
58 
50 
39 
32 
23 
10 
0 
0 
0 
2 
1 
3 
2 
8 
11 
7 
9 
13 
10 
0.00 
0.00 
0.00 
3.03 
1.56 
4.76 
3.33 
13.79 
22.00 
17.95 
28.13 
56.52 
100.00 
66.00 
66.00 
66.00 
65.00 
63.50 
61.50 
59.00 
54.00 
44.50 
35.50 
27.50 
16.50 
5.00 
630.00 
564.00 
498.00 
432.00 
367.00 
303.50 
242.00 
183.00 
129.00 
84.50 
49.00 
21.50 
5.00 
9.55 
8.55 
7.55 
6.65 
5.78 
4.93 
4.10 
3.39 
2.90 
2.38 
1.78 
1.30 
1.00 
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Table 18. Age specific life table of Helicoverpa armigem under natural environment; 
Cropping season 06-07. Generation II 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Iv 
100 
100 
96 
93 
91 
91 
86 
82 
81 
76 
74 
73 
73 
72 
71 
71 
70 
70 
69 
69 
69 
69 
68 
68 
69 
68 
67 
67 
67 
d. 
0 
4 
3 
2 
0 
5 
4 
1 
5 
2 
1 
0 
1 
1 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
lOOq, 
0.00 
4.00 
3.13 
2.15 
0.00 
5.49 
4.65 
1.22 
6.17 
2.63 
1.35 
0.00 
1.37 
1.39 
0.00 
1.41 
0.00 
1.43 
0.00 
0.00 
0.00 
1.45 
0.00 
0.00 
0.00 
1.47 
0.00 
0.00 
1.49 
L, 
100.00 
98.00 
94.50 
92.00 
91.00 
88.50 
84.00 
81.50 
78.50 
75.00 
73.50 
73.00 
72.50 
71.50 
71.00 
70.50 
70.00 
69.50 
69.00 
69.00 
69.00 
68.50 
68.00 
68.50 
68.50 
67.50 
67.00 
67.00 
66.50 
T 
3071.00 
2971.00 
2873.00 
2778.50 
2686.50 
2595.50 
2507.00 
2423.00 
2341.50 
2263.00 
2188.00 
2114.50 
2041.50 
1969.00 
1897.50 
1826.50 
1756.00 
1686.00 
1616.50 
1547.50 
1478.50 
1409.50 
1341.00 
1273.00 
1204.50 
1136.00 
1068.50 
1001.50 
934.50 
e. 
30.71 
30.32 
30.40 
30.20 
29.52 
29.33 
29.85 
29.73 
29.83 
30.17 
29.77 
28.97 
28.16 
27.54 
26.73 
25.91 
25.09 
24.26 
23.43 
22.43 
21.43 
20.58 
19.72 
18.58 
17.58 
16.83 
15.95 
14.95 
14.05 
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29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
66 
66 
65 
65 
64 
64 
62 
61 
59 
56 
54 
46 
39 
34 
30 
27 
19 
13 
8 
3 
0 
1 
0 
1 
0 
2 
1 
2 
3 
2 
8 
7 
5 
4 
3 
8 
6 
5 
5 
3 
0.00 
1.52 
0.00 
1.54 
0.00 
3.13 
1.61 
3.28 
5.08 
3.57 
14.81 
15.22 
12.82 
11.76 
10.00 
29.63 
31.58 
38.46 
62.50 
100.00 
66.00 
65.50 
65.00 
64.50 
64.00 
63.00 
61.50 
60.00 
57.50 
55.00 
50.00 
42.50 
36.50 
32.00 
28.50 
23.00 
16.00 
10.50 
5.50 
1.50 
868.00 
802.00 
736.50 
671.50 
607.00 
543.00 
480.00 
418.50 
358.50 
301.00 
246.00 
196.00 
153.50 
117.00 
85.00 
56.50 
33.50 
17.50 
7.00 
1.50 
13.15 
12.24 
11.33 
10.41 
9.48 
8.62 
7.80 
6.98 
6.23 
5.47 
4.92 
4.61 
4.21 
3.66 
2.98 
2.46 
2.09 
1.67 
1.27 
1.00 
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Table 23. Age specific life table of Helicoverpa armigera under natural environment; 
Cropping season 07-08. Generation I 
X U d, lOOq, L, T, e, 
0 CLOO 
5 5.00 
3 3.16 
2 2.17 
1 1.11 
6 6.74 
5 6.02 
1 1.28 
5 6.49 
3 4.17 
1 1.45 
0 0.00 
2 2.94 
1 1.52 
0 0.00 
1 1.54 
0 0.00 
0 0.00 
1 1.56 
1 1.59 
0 0.00 
0 0.00 
1 1.61 
0 0.00 
0 0.00 
1 1.64 
1 1.67 
0 0.00 
0 0.00 
3 5.08 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
100 
100 
95 
92 
90 
89 
83 
78 
77 
72 
69 
68 
68 
66 
65 
65 
64 
64 
64 
63 
62 
62 
62 
61 
61 
61 
60 
59 
59 
59 
100.00 
97.50 
93.50 
91.00 
89.50 
86.00 
80.50 
77.50 
74.50 
70.50 
68.50 
68.00 
67.00 
65.50 
65.00 
64.50 
64.00 
64.00 
63.50 
62.50 
62.00 
62.00 
61.50 
61.00 
61.00 
60.50 
59.50 
59.00 
59.00 
57.50 
2729.00 
2629.00 
2531.50 
2438.00 
2347.00 
2257.50 
2171.50 
2091.00 
2013.50 
1939.00 
1868.50 
1800.00 
1732.00 
1665.00 
1599.50 
1534.50 
1470.00 
1406.00 
1342.00 
1278.50 
1216.00 
1154.00 
1092.00 
1030.50 
969.50 
908.50 
848.00 
788.50 
729.50 
670.50 
27.29 
26.96 
27.07 
26.79 
26.22 
26.25 
26.98 
26.98 
27.03 
27.50 
27.28 
26.47 
25.85 
25.42 
24.61 
23.79 
22.97 
21.97 
21.13 
20.46 
19.61 
18.61 
17.76 
16.89 
15.89 
15.02 
14.25 
13.36 
12.36 
11.66 
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30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
56 
54 
53 
53 
53 
52 
52 
52 
48 
45 
37 
27 
21 
16 
13 
7 
2 
2 
1 
0 
0 
1 
0 
0 
4 
3 
8 
10 
6 
5 
3 
6 
5 
2 
3.57 
1.85 
0.00 
0.00 
1.89 
0.00 
0.00 
7.69 
6.25 
17.78 
27.03 
22.22 
23.81 
18.75 
46.15 
71.43 
100.00 
55.00 
53.50 
53.00 
53.00 
52.50 
52.00 
52.00 
50.00 
46.50 
41.00 
32.00 
24.00 
18.50 
14.50 
10.00 
4.50 
1.00 
613.00 
558.00 
504.50 
451.50 
398.50 
346.00 
294.00 
242.00 
192.00 
145.50 
104.50 
72.50 
48.50 
30.00 
15.50 
5.50 
1.00 
11.15 
10.43 
9.52 
8.52 
7.59 
6.65 
5.65 
4.84 
4.13 
3.55 
3.27 
3.02 
2.62 
2.07 
1.55 
1.22 
1.00 
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Table 24. Age specific life table of Helicoverpa armigera under natural environment; 
Cropping season 07-08. Generation II 
X 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
Ix 
100 
100 
95 
91 
89 
88 
82 
78 
75 
70 
67 
65 
65 
63 
62 
62 
61 
61 
60 
60 
60 
60 
59 
59 
58 
58 
56 
55 
55 
dx 
0 
5 
4 
2 
1 
6 
4 
3 
5 
3 
2 
0 
2 
1 
0 
1 
0 
1 
0 
0 
0 
1 
0 
1 
0 
2 
1 
0 
0 
lOOq, 
0.00 
5.00 
4.21 
2.20 
1.12 
6.82 
4.88 
3.85 
6.67 
4.29 
2.99 
0.00 
3.08 
1.59 
0.00 
1.61 
0.00 
1.64 
0.00 
0.00 
0.00 
1.67 
0.00 
1.69 
0.00 
3.45 
1.79 
0.00 
0.00 
U 
100.00 
97.50 
93.00 
90.00 
88.50 
85.00 
80.00 
76.50 
72.50 
68.50 
66.00 
65.00 
64.00 
62.50 
62.00 
61.50 
61.00 
60.50 
60.00 
60.00 
60.00 
59.50 
59.00 
58.50 
58.00 
57.00 
55.50 
55.00 
55.00 
Tx 
2882.00 
2782.00 
2684.50 
2591.50 
2501.50 
2413.00 
2328.00 
2248.00 
2171.50 
2099.00 
2030.50 
1964.50 
1899.50 
1835.50 
1773.00 
1711.00 
1649.50 
1588.50 
1528.00 
1468.00 
1408.00 
1348.00 
1288.50 
1229.50 
1171.00 
1113.00 
1056.00 
1000.50 
945.50 
Cx 
28.82 
28.53 
28.87 
28.79 
28.27 
28.39 
29.10 
29.39 
29.95 
30.64 
30.77 
30.22 
29.68 
29.37 
28.60 
27.82 
27.04 
26.26 
25.47 
24.47 
23.47 
22.66 
21.84 
21.02 
20.19 
19.53 
19.03 
18.19 
17.19 
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29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
55 
53 
52 
52 
51 
50 
50 
49 
49 
49 
45 
42 
41 
41 
37 
35 
33 
28 
24 
23 
20 
18 
14 
7 
2 
1 
0 
1 
1 
0 
1 
0 
0 
4 
3 
1 
0 
4 
2 
2 
5 
4 
1 
3 
2 
4 
7 
7 
3.64 
1.89 
0.00 
1.92 
1.96 
0.00 
2.00 
0.00 
0.00 
8.16 
6.67 
2.38 
0.00 
9.76 
5.41 
5.71 
15.15 
14.29 
4.17 
13.04 
10.00 
22.22 
50.00 
100.00 
54.00 
52.50 
52.00 
51.50 
50.50 
50.00 
49.50 
49.00 
49.00 
47.00 
43.50 
41.50 
41.00 
39.00 
36.00 
34.00 
30.50 
26.00 
23.50 
21.50 
19.00 
16.00 
10.50 
3.50 
890.50 
836.50 
784.00 
732.00 
680.50 
630.00 
580.00 
530.50 
481.50 
432.50 
385.50 
342.00 
300.50 
259.50 
220.50 
184.50 
150.50 
120.00 
94.00 
70.50 
49.00 
30.00 
14.00 
3.50 
16.49 
15.93 
15.08 
14.21 
13.48 
12.60 
11.72 
10.83 
9.83 
9.20 
8.86 
8.24 
7.33 
6.65 
6.13 
5.43 
4.93 
4.62 
4.00 
3.28 
2.58 
1.88 
1.33 
1.00 
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Table 29. Life table parameters of Helicoverpa armigera under natural environment 
Life Table Parameters 
Potential Fecundity 
Net Reproductive Rate 
Mean Length of Generation 
Doubling Time 
Finite Rate of Increase 
Intrinsic Rate of Increase (r) approx 
IntrinsicRate of Increase (r) accurate 
Annual Rate of Increase 
2006-07 
r* Gen 
362.99 
88.52 
39.84 
6.13 
1.1197 
0.1125 
0.1130 
8.26x10'' 
2"" Gen 
375.09 
86.18 
39.95 
6.21 
1.1181 
0.1112 
0.1117 
5.02 xlO'^ 
2007-08 
r'Gen 
388.90 
80.60 
41.36 
6.52 
1.1122 
0.1059 
0.1064 
7.30x10'* 
2"" Gen 
391.18 
77.45 
42.22 
6.72 
1.1087 
0.1028 
0.1032 
2.28x10'* 
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Graph 2. Pivotal age and average fecundity of Helicoverpa armigera on Chickpea 
O 
o 
o 
01 
U 
ID 
< 
00 
o 
o 
o 
?S.5 ja : -:.5 43.5 44,5 
16.5 37.5 38.5 39.5 40.5 4!.5 42.5 43.5 44.5 45.5 
lOO 
80 
60 
40 
• • -" • ' 
/ / 
J^ 
Grill 
^^^^^^NT^ 
^^*^ 
— 1 1 1 — 
— • — m x 
- • — L x 
^-.^^ ^^'^ -
1 • I I 
0.35 
0.25 
0.15 
0.05 
-0.0; 
?S.5 1^.5 40.5 41.5 42.5 43.5 44.5 45.5 46.5 4".5 4S.5 
H-l 
15 
4C.5 41.5 
< 
o 
1-! 
Pivotal age 
4.4 Impact of abiotic factors on pest abundance 
The maximum and minimum temperature of 16.96°C and 6.82°C, coupled 
with maximum (82%) and minimum (70.71%) per cent relative humidity witnessed 
the onset of moths. As the temperature increased to 19.82°C and the humidity levels 
decreased to 70.57%, the catches of 3.66 moths/trap was recorded. With gradual 
increase in temperature upto 5°C and decrease in relative humidity till 56.71%, the 
maximum moth catches of 11 moths/trap, was recorded in the previous year. 
Increased relative humidity due to rains favoured the condition for emergence 
of moths earliar, even in the months of October, November and December 2007. The 
high (30.04°C) and low temperature (20.79°C) with maximum (72.57%) and 
minimum (59.71%) relative humidity witnessed the moth count of 1.93 moths/trap in 
the 40* standard week. A gradual increase was further observed till the 47* standard 
week. During this period rainfall was experienced twice at 0.74 mm and 4.17 mm 
levels. During the 48* standard week, the following stage faced a sudden increase in 
the population with 4.67 moths/trap and continued till the 9* standard week. The 5*, 
6* and 7* week witnessed a rainfall of 0.657 mm, 1.57 mm and 9.94 mm, 
respectively and 9*, 11* and 12* standard weeks had a rainfall of 6.73 mm, 4.43 and 
1.66 mm, respectively. Moreover, the maximum and minimum relative humidity was 
86.71% and 82.29%, respectively unlike 72.29% and 71.43% recorded in the previous 
year. The maximum population was recorded in the 15* standard week, with the 
maximum temperature of 29.39°C, minimum of 20.64°C, maximum RH of 65.86% 
and minimum RH of 53.86%, respectively. 
The maximum and minimum temperatures were positively and significantly 
con-elated while the maximum and minimum relative humidity had negative 
significance {p < 0.05 and 0.01) with the pest incidence. Rainfall however showed 
non-significant, negative correlation with the pest abundance. 
In the first cropping season (2006-07), the moth population was positively 
correlated with the maximum (r=0.89) and minimum temperature (r=0.87) whereas a 
negative correlation was observed with the maximum (r=-0.64) and minimum (r=-
0.75) relative humidity. The effect of rainfall was however non-significant. In the 
following year, a similar pattern to those of the first year was observed (Table 30). 
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5. Integrated management strategies for Helicoverpa armigera 
Various integrated control methods were adopted to check the efficacy of each 
control measure for managing the pest inflicting losses to chickpea. The treatments were 
started with the appearance of the pest. The data on the population monitoring were 
collected by installing pheromone traps in the experimental localities. Pod-infestation 
was recorded at crop maturity, before the harvest and grain yield was recorded at 
harvest. The results are presented in the following section. 
4.5.1. Chemical Control 
Bioefficay of two synthetic chemicals i.e. lambdacyhalothrin and endosulfan and 
one combination product namely lambdacyhalothrin+ acetamiprid was evaluated against 
the late instars of//, armigera. A total of 30 third/fourth instar larvae infesting chickpea 
were evaluated at four concentrations viz., 0.01%, 0.03%, 0.05% and 0.07%) of each 
insecticide used and replicated thrice. The LC50 value for lambdacyhalothrin was 
calculated to be 76.2 ml/L with the lower and upper fiducial limits of 0.0622 and 0.0924, 
respectively with the regression coefficient of 0.8591. The combination product 
(lambdacyhalothrin+acetamiprid) showed 83.6452 as the LC50 value and the regression 
coefficient as 0.88, whereas endosulfan alone recorded the highest LC50 value of 
182.158 with the regression coefficient of 0.9491, respectively. 
Similariy, the LC75 value was found to be 93.69, 104.51 and 260.72 for 
lambdacyhalothrin, lambdacyhalothrin+ acetamiprid and endosulfan, with the lower 
fiducial values as 80.83, 91.87 and 204.19 and the upper limits as 129.13, 148.15 and 
1483.27, respectively. 
Of these chemical treatments, the sole application of lambdacyhalothrin at all 
concentrations was found to be most effective followed by the combination of 
lambdacyhalothrin+ acetamiprid. Endosulfan did not reveal any significant effect on the 
mortality of the larvae, even at higher concentrations. However, it did show antifeedency 
effect. 
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Table 31. Probit mortality response of synthetic chemicals against H. armigera; 
Cropping season 2006-07 
Treatments Regression equation (x^ ) R^  LC 50 
Fiducial limits 
(95%) 
Lower Upper 
Lambdacyhalothrin Y=-14.1121+ 2.5591X 0.965 0.8591 76.1673 
mg/L 44.08 86.94 
83.6452 Lambdacyhalothrin Y=-13.4094 + 3.2162X 0.056 0.9491 
+ Acetamipnd ml/L 
69.74 96.10 
Endosulfan Y= -9.7912 + 2.4285X 0.063 0.8768 182.158 
ml/L 136.22 284.25 
LC50 =Lethal Concentration, x" =Heterogeneity, R" =Regression coefficient 
Table 32. Probit mortality response of synthetic chemicals against H. armigera; 
Cropping season 2007-08 
Treatments Regression equation (x^ ) R^  LC75 
Fiducial limits 
(95%) 
Lower Upper 
93 6931 Lambdacyhalothrin Y=-14.1121 + 2.5591X 0.965 0.8591 /£ ^^-^^ ^^9.13 
Lambdacyhalothrin Y=-13.4094 +3.2162X 0.056 0.9491 ^^^^ff^ 91.87 148.15 
+ Acetamipnd ml/L 
Endosulfan Y=-9.7912+ 2.4285X 0.063 0.8768 260.7154 204.19 1483.27 
ml/L 
LC75 =Lethal Concentration, %' =Heterogeneity, R' =Regression coefficient 
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4.5.2. Microbial control 
Lipel®, Dipel®, Heli-Cide® and local strain were evaluated for their LC 50 
values against the late instar larvae ofH. armigem by employing the leaf-dip bioassay 
technique in the laboratory conditions. The LC 50 value obtained by Lipel was found 
to be 0.073 |iig/ml with the upper fiducial value (at 95%) of 0.0924 and the lower 
fiducial limit (at 95%) of 0.0622. Dipel® gave the LC50 value of 0.071 |il/ml with the 
fiducial limits (at 95%) to be 0.0798 as the upper and 0.0617 as the lower fiducial 
limits, respectively. The HaNPV packages in the form of Heli-cide and local strain 
revealed a slightly higher value of LC50, thereby proving the bacterial biopesticides to 
be more effective than their viral competitors. Heli-cide® recorded the maximum LC 
50 value of 1.14 LE/L with the upper limit mounting to 1.3134 and the lower limit 
declining to 0.575, whereas, local strain gave LC 50 value of 1.08 LE/L and the upper 
and lower fiducial limits (at 95%) being 2.0944 and 0.7429, respectively. The 
regression coefficients were 0.925 and 0.917 for the bacterial suspensions viz., Lipel® 
and Dipel® and for the viral formulations, the coefficients were 0.909 and 0.849 
respectively. The heterogeneity value ranged from 2.048 to 3.227 in the bacterial 
treatments and from 2.616 to 8.487 in the viral treatments respectively. 
Similarly, the LC75 value of Lipel® was found to be 12.23 fig/ml with the 
lower and upper fiducial limits (at 95%) to be 9.6479 and 19.2118. On the contrary, 
Dipel® recorded the LC75 value of 0.09 iiVm\ with 0.0820 and 0.1129 limits, 
respectively. The viral bio-pesticides, Heli-cide and local strain had somewhat 
similar LC 75 values as 1.45 and 1.44 LE/L with the upper fiducial limits to be 2.1338 
and 9.7864 with the lower values as 1.2471 and 1.0964, respectively. The regression 
coefficients were found to be 0.925 and 0.917 for Dipel® and Lipel®, and 0.909 and 
0.849 for Heli-cide® and local strain, respectively. The heterogeneity values ranged 
from 2.048 to 3.227 for the bacterial formulations and as for the viral suspensions, it 
ranged between 2.616 to 8.487, respectively (Tables 24 & 25). 
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Table 33. Probit mortality response of microbial insecticides against H. armigera; 
Cropping season 2006-07 
Treatments Regression equation (y^) R^  LC50 
Fiducial limits 
(95%) 
Lower Upper 
Lipel Y=-2.6534 +5.3769X 3.227 0.925 0.07366 Hg/ml .0622 .0924 
Dipel Y=-5.0501+4.7525X 2.048 0.917 0.0712 Hl/ml 0.0617 0.0798 
Heli-Cide Y= -13.2235 + 2.4970X 2.616 0.909 1.1409 LE/L 0.5753 1.3134 
Local strain Y=-11.15184+6.36855X 8.487 0.849 1.0842 LE/L 0.7429 2.0944 
LC50 =LethaI Concentration, x" =Heterogeneity, R' =Regression coefficient 
Table 34. Probit mortality response of microbial insecticides against H. armigera; 
Cropping season 2007-08 
Treatments Regression equation (x^ ) R^  LC75 
Fiducial limits 
(95%) 
Lower Upper 
Lipel Y= -2.65343+5.37692X 3.227 0.925 12.2364 Hg/ml 9.6479 19.2118 
Dipel Y= -5.05005+4.75252X 2.048 0.917 0.0923 Hl/ml 0.0820 0.1129 
Heli-Cide Y=-13.22347+2.49701X 2.616 0.909 1.4528 LE/L 1.2471 2.1338 
Local strain Y=-11.15184+6.36855X 8.487 0.849 1.4394 LE/L 1.0964 9.7864 
LC75 =Lethal Concentration, %" =Heterogeneity, R" =Regression coefficient 
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4.5.3. Application of plant extracts 
To explore the botanical facts in tenns of feeding deterrency, bio-efficacy and 
insecticidal properties, seven relatively less explored crude plant extracts were 
screened via leaf dip bioassay technique against the late instars of H.armigera larvae. 
The results obtained are summarized as under: 
4.5J.1 Preliminary screening 
The seven specifically selected plant extracts were screened preliminarily at 
0.01% concentration and observed at 16, 24 amd 48 hours interval of application. 
Among these plants, Asparagus falcantus documented antifeedency in its ethanolic 
solvent after 16 hours and also in acetone fraction after 24 hours of application. 
Further, the growth of the larvae got restricted, concomitantly with reduced feeding, 
in ethanolic and chloroform solvents. Larval mortality was however observed in the 
acetone fraction after 48 hours of exposure. 
On the other hand, the plant extract obtained from Mucuna cochichinensis 
showed distortion at pupal formation in its aqueous solvent leading to the emergence 
of abnormal adults. The alchoholic fraction of Mucuna was however devoid of any 
effect on the normal larvae at 0.01% concentration. 
Whereas, Salsola fitida, in both of its solvents (ethanol and chloroform), did 
not cause any deleterious effect to the larvae till 48 hours of observation, and hence 
the completion of normal larval biology led to the emergence of perfectly healthy 
Helicoverpa adults. 
Larvicidal effect was witnessed only in the aqueous and ethyl acetate fraction 
of Anthocephalus cadamba at 48 hours, while rest of the solvents did not cause any 
significant effect at 0.01% concentration. 
When Crategus crenuleata was put to trial, reduced feeding was observed in 
both of its solvents (aqueous and ethyl acetate with acetone fraction) which led to the 
death of the larvae in the later solvent after 48 hours of exposure. 
Based on the solubility of the extracts, Peltophorum vogelianum was prepared 
in four different solvents viz., ethanol, ethyl acetate with acetone, methanol and petrol 
with benzene at 0.01% concentration. The significant larvicidal effect was seen in 
three out of four of its solvents, unveils its potential as a promising future 
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biopesticide. The rate of consumption by Helicoverpa larvae got decreased 
considerably in the ethanolic fraction of Peltophorum which fiirther resulted in larval 
mortality after 48 hours, in a similar pattern as of its petrol with benzene fraction. But 
when the ethyl acetate fraction was used with acetone fraction, it showed antifeedency 
after 48 hours. The methanolic fraction, on the other hand, resulted in feeding 
inhibition in the early hours of application (within 16 hours) and nevertheless 
exhibited its larvicidal effect at 24 hours of its apiplication. 
The exfract ofXylosma longifolium prepared in chloroform, ethyl acetate with 
acetone and petrol fraction was also evaluated against H. armigera. The chloroform 
and petrol fraction followed a similar frend and exhibited antifeedency at 48 hours 
while the mixture of ethyl acetate and acetone fraction resulted in feeding deterrence 
within 16 hours followed by larval mortality after 24 hours of freatment (Table 35). 
^sulis 
Table 35. Preliminary screening of plant extracts in different solvents at 0.01% 
concentration 
Solvents 
Name of plant Time A B C D E F G H I J 
16Hrs NL -- NL SL/AF 
Asparagus 24Hrs SL/AF - NL RG 
jalcantus 
48Hrs DL - RG RG 
16Hrs - SL - NL -- -
, . , . . 24 Hrs - AP -- NL -
cocnichinensis 
48 Hrs - DL - NL - - -- - - --
16 Hrs - NL 
Salsola Fitida 24 Hrs - NL -
48 Hrs - NL - - - - -
16 Hrs NL NL NL NL NL - NL - - NL 
Anthocephelus 24Hrs NL SL NL NL SL - NL - - NL 
cadamoa 
48 Hrs NL M NL NL ML - NL - -- NL 
16 Hrs - AL AL - - - -
Cretegus 24Hrs - AF AF - - - -
crenuleata 
48 Hrs - AF - - - DL 
16 Hrs AL - AL AF -- AL -
Peltoforum 24Hrs AF - AL DL - AF -
vogelianum 
48 Hrs DL - AF DL - DL -
16 Hrs - - AL - -- AF -- AL - -
Xylosoma ^.,, .-, ^^ 
/ . . . . 24Hrs -- - AL - - DL -- AL -
longijolium 
48 Hrs - - AF - -- DL -- AF - -
A = Acetone, B= Aqueous, C= Chloroform, D= Ethanol, E= Ethyl acetate, F= Ethyl acetate 
+Acetone, G= Methanol, H= Petrol, 1= Petrol + Benzene, J= Petroleum, NL= Normal 
Larvae, SL= Sluggish Larvae, AF= Antifeedant, DL= Dead Larvae, RG= Restricted growth, 
AP= Abnoraial pupa 
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4.5.3.2 Impact of plant extracts on weight reduction and larval mortality 
4.5.3.2.1 Mucuna cochichinensis 
Mucuna cochichinensis, in its alcoholic solvent showed a reduction of 2.62 to 
36.61% in the larval weight and 6.02 to 42.35% in the corresponding pupal weight of 
H.armigera at the four successive concentrations i.e. 0.2, 0.5, 1.0 and 2.0%, 
respectively. The per cent mortality increased from a level of 2.55 to 21.37% with a 
gradual increase in concentration of the extract. 
At the minimum concentration (0.2%), the larval weight was recorded as 
423.58 mg which subsequently reduced to 275.74 mg at 2% concentration. Likewise, 
the corresponding pupal weight reduced from 263.14 mg to 161.41 mg as against 280 
mg of the pupal weight recorded in the untreated conditions. The other two 
concentrations (0.5% and 1.0%) did also leave the impact on reducing the larval 
weight by 19.16% and 28.64%, while the corresponding pupal weight declined to 
20.91% and 29.08% respectively. Moreover, mortality was also recorded to the extent 
of 5.43% and 10.80% at these concenfrations. 
The aqueous solvent, on the other hand, produced the maximum reduction in 
the larval (58.59%) and pupal weight (63.99%) at the highest dose. The mortality 
range was also considerably high (50.86%) as compared with the alchoholic solvent. 
There was reduction in larval weight from 297.81 to 180.12 mg corresponding to the 
increase in the strength of the solvent from 0.2 to 2%. Similarly at 2% concentration, 
there exised a remarkable decrease in the pupal weight (100.83 mg) of H.armigera. 
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Table 36. Performance oiMucuna cochichinensis extracts on H.armigera larvae 
Solvent 
Control 
Alcohol 
CD @ 1% 
Aqueous 
CD @ 1% 
Conc.(%) 
--
0.2 
0.5 
1.0 
2.0 
--
0.2 
0.5 
1.0 
2.0 
-
Larval wt 
(mg) 
435 
423.58 
351.67 
310.41 
275.74 
--
297.81 
228.33 
204.35 
180.12 
--
% reduction 
over control 
-
2.62 
19.16 
28.64 
36.61 
1.35807 
31.54 
47.51 
53.02 
58.59 
1.35056 
Pupal wt 
(mg) 
280 
263.14 
221.45 
198.58 
161.41 
--
157.71 
128.83 
114.43 
100.83 
--
% reduction 
over control 
--
6.02 
20.91 
29.08 
42.35 
1.60499 
43.68 
53.99 
59.13 
63.99 
1.12960 
Mortality 
(%) 
0.00 
2.55 
5.43 
10.80 
21.37 
0.812404 
5.81 
8.64 
27.73 
50.86 
2.09284 
4.5.3.2.2 Asparagus falcantus 
The extract of A. falcantus was prepared separately in acetone, alcohol and 
chloroform solvent and screened further. At the lowest concentration of acetone 
fraction, the per cent reduction in the larval (20.03%) and pupal weight (20.82%) was 
recorded to be at par with each other. The highest reduction in larval (57%) and pupal 
weight (52.39%) was recorded at 2% concentration. The highest per cent mortality 
(69.03%) was also recorded at 2% concentration. 
On the contrary, the alcoholic and chloroform solvents could not influence 
much on larval weight reduction as that of the acetone fraction. The alchoholic 
fraction could reduce upto 40.79% larval and 41.39% pupal weight, at the highest 
level of concentration. The mortality per cent also ranged from 6.57% to 57.70 % in 
the respective concentrations (Table 37). 
Nevrtheless, the chloroform fraction could cause meager change in the larval 
and pupal weight, particularly at lower doses (Table 37). At an increased 
concentration, a maximum of 37.71 and 32.51% reduction was registered for the 
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larval and pupal weight of H.armigera. The maximum mortality (21.37%) was once 
again seen at the highest dosage, but was relatively less than that of acetone and 
alcoholic solvents. 
Table 37. Performance of Asparagus falcantus extracts on H.armigera larvae 
Solvent 
Control 
Acetone 
CD@1% 
Alcohol 
CD @ 1% 
Chloroform 
CD@1% 
Conc.(%) 
--
0.2 
0.5 
1.0 
2.0 
--
0.2 
0.5 
1.0 
2.0 
--
0.2 
0.5 
1.0 
2.0 
--
Larval wt 
(mg) 
480 
383.83 
343.58 
281.87 
206.41 
--
433.93 
385.98 
304.1 
284.2 
--
468.52 
392.35 
318.19 
298.7 
--
% reduction 
over control 
~ 
20.03 
28.42 
41.28 
57.00 
1.48795 
9.60 
19.59 
36.65 
40.79 
0.892188 
2.39 
18.26 
33.71 
37.71 
3.33792 
Pupal wt 
(mg) 
310 
245.45 
215.97 
199.62 
147.58 
-
292.27 
233.76 
212.84 
181.7 
-
303.91 
289.23 
266.53 
209.23 
--
% reduction 
over control 
-
20.82 
30.33 
35.61 
52.39 
1.60810 
5.72 
24.59 
31.34 
41.39 
1.76068 
1.96 
6.70 
14.02 
32.51 
1.57734 
Mortality 
(%) 
0.00 
20.30 
32.62 
57.13 
69.03 
1.73781 
6.57 
16.52 
37.16 
57.70 
1.58114 
3.84 
11.18 
23.49 
44.00 
1.74986 
4.5.3.2.3 Anthocephalus cadamba 
The comparative efficacy of Anthocephalus cadamba was determined in five 
solvents namely, aqueous, methanol, alchohol, ethyl acetate and chloroform. As 
evident from the data (Table 38), the maximum reduction of larval and pupal weight 
of H.armigera was observed in aqueous and ethyl acetate solvent. The acetone 
fraction produced the maximum mortality (73.41%) at 2% concentration, followed by 
a gradual reduction of 67.35 %, 55.29 % and 48.69 % at 1%, 0.5% and 0.2%, 
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respectively. The ethyl acetate fraction also followed a similar trend with respect to 
knock down effect. 
Methanolic fraction, however, exhibited reduced larval weight to the extent of 
340.70 mg, 301.45 mg, 288.69 mg and 263.36 mg and also corresponding pupal 
weight to the tune of 201.44 mg, 181.21 mg, 167.81 mg and 150.32 mg at the 
increasing concentrations. The per cent mortality fiirther increased from 8 to 30.86% 
with an increase in concentration levels. 
Among other solvents, the alcohol fraction was found to be the least effective 
one, in terms of weight reduction and mortality percentage. A minimum of 5.88% 
larval weight reduction was seen at the lowest concentration (0.2%) in contrast to 
27.16% recorded at the highest level of dose. Corresponding reductions in pupal 
weight were 3.84 to 28.13% and the mortality percentages were in the range of 5 to 
22.89%, respectively. 
Apart from the aqueous fraction, the ethyl acetate solvent proved itself as the 
next most efficient solvent in reducing the larval (40.45% to 54%) and pupal weight 
(50.92% to 64.25%). Moreover, it produced a considerable knock down of the freated 
larvae, thereby registering 41.05% larval death at .02, 52.67% at 0.5, 63.38% at 1% 
and 70.34% mortality at 2% strength of the solvent. 
The chloroform fraction of Anthocephalus cadamba, however, resulted in the 
reduced larval weight of 365.35 mg, 315.37 mg, 304.47 mg and 289.25 mg and 
corresponding pupal weight of 216.32 mg, 182.41 mg, 186.45 mg and 150.38 mg, 
respectively at 0.2, 0.5, 1 and 2% concentration. The per cent reduction of the larval 
weight were computed as as 13.01, 24.91, 27.51, and 31.13% and for pupal weight as 
22.74, 34.85, 33.41 and 46.29%, at the above successive concentrations respectively. 
There was also a substantial increase in per cent mortality (8.27, 15.33, 24.77 and 
33.87%) at all the concentrations (Table 38). 
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Table 38. Performance oiAnthocephelus cadamba extracts on H.armigera larvae 
Solvent 
Control 
Aqueous 
CD @ 1% 
Methanol 
CD @ 1% 
Alchohol 
CD@1% 
Ethyl 
Acetate 
CD @ 1% 
Chloroform 
CD @ 1% 
Conc.(%) 
--
0.2 
0.5 
1.0 
2.0 
-
0.2 
0.5 
1.0 
2.0 
--
0.2 
0.5 
1.0 
2.0 
-
0.2 
0.5 
1.0 
2.0 
--
0.2 
0.5 
1.0 
2.0 
--
Larval wt 
(mg) 
420 
284.22 
233.95 
214.72 
195.45 
-
340.70 
301.45 
288.69 
263.36 
--
395.32 
388.34 
360.99 
305.49 
--
250.10 
225.40 
217.30 
193.18 
--
365.35 
315.37 
304.47 
289.25 
--
% reduction 
over control 
-
32.33 
44.30 
48.88 
53.46 
1.07981 
18.18 
28.23 
31.26 
37.30 
0.966437 
5.88 
7.54 
14.05 
27.26 
1.08536 
40.45 
46.33 
48.26 
54.00 
0.927793 
13.01 
24.91 
27.51 
31.13 
1.17218 
Pupal wt 
(mg) 
280 
126.23 
114.30 
100.43 
90.14 
-
201.44 
181.21 
167.81 
150.32 
" 
269.24 
241.99 
236.36 
201.24 
-
137.41 
125.17 
119.27 
100.09 
--
216.32 
182.41 
186.45 
150.38 
--
% reduction 
over control 
--
54.92 
59.18 
64.13 
67.81 
0.869483 
28.06 
35.28 
40.07 
46.32 
1.17813 
3.84 
13.58 
15.58 
28.13 
1.49666 
50.92 
55.30 
57.40 
64.25 
0.811295 
22.74 
34.85 
33.41 
46.29 
1.74528 
Mortality 
(%) 
0.00 
48.69 
55.29 
67.35 
73.41 
0.714703 
8.00 
13.88 
22.69 
30.86 
0.745654 
5.00 
9.33 
16.09 
22.89 
1.04211 
41.05 
52.67 
63.38 
70.34 
1.40855 
8.27 
15.33 
24.77 
33.87 
0.863713 
134 I P a g e 
<Rfsu&s 
4.5.3.2.4 Crategus crenuleata 
Crategus crenuleata was prepared in two solvents viz., ethyl acetate + acetone 
and aqueous fractions and when evaluated against the pest larvae, they were found to 
be at the same level of efficacy. The maximum and minimum larval weight of the 
ethyl acetate + acetone fraction was found to be 461.25 and 288.5 mg, which was not 
much different from that of the aqueous fraction (442.22 and 295.14 mg, 
respectively). The ethyl acetate + acetone fraction resulted in a reduction of 25.61% in 
pupal weight while the aqueous solvent reduced it to a level of 22.77% only. A 
significant difference was however revealed in the mortality indices. The ethyl acetate 
+ acetone fraction killed 78.03% larvae as against 36.64% kill by the aqueous solvent. 
Table 39. Performance of Crategus crenuleata extracts on H.armigera larvae 
Solvent 
Control 
Ethyl Acetate+ 
Acetone 
CD@1% 
Aqueous 
CD@1% 
Conc.(%) 
--
0.2 
0.5 
1.0 
2.0 
--
0.2 
0.5 
1.0 
2.0 
--
Larval wt 
(mg) 
480 
461.25 
363.7 
347.3 
288.5 
-
442.22 
350.16 
330.63 
295.14 
-
% reduction 
over control 
--
3.91 
24.23 
27.65 
39.90 
2.79929 
7.87 
27.05 
31.12 
38.51 
2.27991 
Pupal wt 
(mg) 
260 
234.80 
224.71 
218.64 
193.42 
-
247.14 
233.72 
211.09 
200.80 
--
% reduction 
over control 
~ 
9.69 
13.57 
15.91 
25.61 
1.12339 
4.95 
10.11 
18.81 
22.77 
0.905539 
Mortality 
(%) 
0.00 
7.025 
18.30 
42.12 
78.03 
3.26190 
7.10 
9.15 
17.06 
36.64 
1.57987 
4.5.3.2.5 Xylosma longifolium 
Three solvents viz., ethyl acetate, petrol cind chloroform were coupled with the 
extract of Xylosma longifolium and checked for their comparative bioefficacy and 
larvicidal potential against Helicoverpa armigera. A glance over the table shows that 
the maximum per cent reduction in the larval (49.32%) and pupal weight (46.24%) 
was noted at 2% concentration of ethyl Acetate solvent of Xylosma longifolium. It 
135 I P a g e 
^sulis 
also recorded the highest per cent mortality (73.97 %), closely followed by its 
chloroform (52.58%) and petrol fractions (36.71%). 
The per cent reduction in larval weight ranged from 4.40 to 12.58% in the 
petrol fraction and 4.42 to 11.85% in the chloroform solvent. However the pupal 
weight were found to be close to the normal control values in both of these solvents. 
The maximum pupal weight was registered as 292.08 and 329.17 mg which were 
quite close to that of the normal untreated pupae. 
Table 40. Performance of Xylosma longifolium extracts on H.armigera larvae 
Solvent 
Control 
Ethyl Acetate 
CD @ 1% 
Petrol 
CD@r/o 
Chloroform 
CD@1% 
Conc.(%) 
--
0.2 
0.5 
1.0 
2.0 
~ 
0.2 
0.5 
1.0 
2.0 
-
0.2 
0.5 
1.0 
2.0 
--
Larval wt 
(mg) 
410 
290.93 
265.39 
220.71 
207.78 
--
391.95 
380.52 
372.11 
358.43 
--
391.87 
380.43 
372.36 
361.43 
--
% reduction 
over control 
-
29.04 
35.27 
46.17 
49.32 
0.806226 
4.40 
7.19 
9.24 
12.58 
0.549909 
4.42 
7.21 
9.18 
11.85 
0.437264 
Pupal wt 
(mg) 
350 
235.10 
232.57 
191.82 
188.16 
--
292.08 
274.27 
268.99 
253.69 
-
329.17 
299.85 
274.44 
255.18 
--
% reduction 
over control 
-
32.83 
33.55 
45.19 
46.24 
0.549545 
16.55 
21.64 
23.15 
27.52 
0.670969 
5.95 
14.33 
21.59 
27.09 
1.30307 
Mortality 
(%) 
0.00 
6.60 
13.77 
33.48 
73.97 
3.26190 
3.28 
10.06 
12.10 
36.71 
1.86387 
5.64 
11.57 
22.00 
52.58 
2.42899 
4.5.3.2.6 Peltophorum vogelianum 
Among all the botanicals tested so far, Peltophorum vogelianum caused 
maximum larval mortality. As far as the reduction of larval and pupal weight is 
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concerned, it caused a maxinHim larval (48.62%) and pupal (46.39%) weight 
reduction in its petrol+benzene fraction at the maximum level of dose (2%). The 
highest per cent mortality (93.16%) was recorded in the methanolic fraction, followed 
by alcoholic (90.62%) and pefrol+benzene (89.29%) solvent. The acetone+ethyl 
acetate solvent could not cause more than 50% mortality of the larvae, even at the 
highest strength of the applied dose. 
The alchoholic solvent caused the least per cent reduction (2.28%) in larval 
and in its pupal (2.16%) weight, though it recorded the maximum percentage of 
mortality (90.62%), next only to the methanolic fraction ofPeltophonim vogelianum. 
The pefrol+benzene fraction caused a reduction of 19.84, 37.69, 42.85 and 
48.62% in the larval weight and similar reduction of 24.09, 32.43, 43.42 and 46.39% 
m the pupal weight of the pod borer. The per cent mortality was observed as 89.29% 
at the highest dose and 65.49% at the lowest concenfration of 0.02%, respectively. 
Table 41. Performance of Peltophorum vogelianum extracts on H.armigera larvae 
Solvent 
Control 
Acetone 
+Ethyl 
Acetate 
CD@1% 
Alcohol 
CD@1% 
Petrol + 
Benzene 
Conc.(%) 
-
0.2 
0.5 
1.0 
2.0 
--
0.2 
0.5 
1.0 
2.0 
-
0.2 
0.5 
1.0 
Larval wt 
(mg) 
550 
453.99 
371.07 
338.21 
300.69 
--
537.45 
426.66 
378.72 
337.70 
--
440.90 
342.71 
314.33 
% reduction 
over control 
--
17.46 
32.53 
38.51 
45.33 
1.25936 
2.28 
22.43 
31.14 
38.60 
1.78157 
19.84 
37.69 
42.85 
Pupal wt 
(mg) 
310 
295.84 
245.12 
228.38 
203.02 
--
352.21 
267.49 
220.36 
207.30 
--
273.28 
243.24 
203.70 
% reduction over 
control 
--
17.82 
31.91 
36.56 
43.61 
1.42408 
2.16 
25.70 
38.79 
42.42 
2.22666 
24.09 
32.43 
43.42 
Mortality 
(%) 
0.00 
2.72 
5.74 
12.19 
42.10 
2.36770 
67.27 
76.21 
86.26 
90.62 
1.06489 
65.49 
74.38 
84.21 
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89.29 
CD @ 1% 
Methanol 
CD@1% 
--
0.2 
0.5 
1.0 
2.0 
-
--
439.26 
387.95 
364.70 
334.77 
-
1.50930 
20.13 
29.46 
33.69 
39.13 
0.986914 
-
258.18 
225.39 
215.31 
195.38 
--
0.942338 
28.28 
37.39 
40.19 
45.73 
1.37840 
2.29695 
77.52 
84.14 
86.44 
93.16 
--
Parasitization ofH. armigera 
During the course of investigation, it was found that Helicoverpa armigera 
was attacked by three hymenopteran parasitoids, Bracon hebetor (Say) 
(Hymenoptera: Braconidae), Cotesia (=Apanteles) glomerata (Hymenoptera: 
Braconidae) and Campoletis chlorideae Uchida (Hymenoptera: Ichneumonidae) that 
emerged from the early as well as late instars of H. armigera larvae. The extent of 
paraisitization was 15% and 20% in both the years. It was observed that maximum 
parasitization was in the first and second week of March coincidmg with the crop 
matijirity. 
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DISCUSSION 
Over the past two decades, Helicoverpa armigera (Hubner.) has been widely 
acknowledged as the most prevalent and devastating multigenerational noctuid pest of 
economic significance. It is endowed with the versatile qualities of polyphagy, high 
mobility, opportunistic and multivoltine nature, high fecundity and cosmopolitan 
distribution. The extent of losses done by this species is very high and may even rise 
up to cent per cent in chickpea. The annual crop loss in hidia has been estimated 
around Rs 2,000 crores despite the use of insecticides worth Rs 500 crores (Pawar 
2004). Moreover, the trend of overusing, misusing or even abusing insecticides in an 
over ambitious approach to ward off this destructive pest, further ignites the problem 
of resistance, resurgence and environmental and ecological imbalances. 
The objective of the present studies was 
(a) to determine essential information regarding schedule of mortality for a known 
cohort of Helicoverpa armigera by constructing life tables under natural and 
controlled environment 
(b) to correlate seasonal incidence with with the abiotic components of the biome 
(c) to consolidate and analyze the potentiality of various control strategies including 
application of synthetic insecticides, entomogenous pathogens and botanicals 
against the pest 
The results of the present investigation have been discussed in the following sections: 
Varietal screening 
Under subsistence farming, the resistant cultivars are found to possess great 
potential for Integrated Pest Management. Such cultivars could be deployed for 
minimizing crop loss as they involve no expense, cause no havoc to the environment 
and are compatible as an adjunt to other control strategies. However, such screening 
for tolerant cultivars under natural conditions is a long term process because of the 
variation in insect density across seasons and locations and due to staggered flowering 
of the test material. Literature also concretes the fact that cultivars flowering at the 
beginning and at the end of the season are exposed to low infestation, while those 
flowering at mid season suffer heavy loss. This necessitates the need to opt screening 
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against H. armigera under uniform insect pressure at the most susceptible stage of the 
crop. 
As far as the phenology of plant height during the experimental period is 
concerned, some cultivars viz., IPC-2005-48, IPC-2005-65 and IPC-2005-36 were 
found to gain good heights and identified as taller cultivars as against others like IPC-
2005-57, IPC-2005-62 and IPC-2005-24 which were enlisted as the dwarf varieties. 
When they were accounted in the pest tolerance scale, few of them (IPC-2005-48, 
IPC-2005-57 and IPC-2005-62) were found to possess maximum tolerance while rest 
of them were susceptible to the pest attack. This relative study shows that height did 
not do much with the susceptibility of the cultivar or even with its pod bearing 
potential. For instance, though the cultivar IPC-2005-65 attained a good height and 
also had substantial number of pods, but was not successful in escaping the pest 
attack. However, the cultivars IPC-2005-79, IPC-2005-56 and IPC-2005-30, apart 
fi:om bearing maximum number of pods also possessed high tolerance to the pest 
attack and can be safely recommended as promising cultivars. On the contrary, the 
investigations of Wakil (2004) implies that plant height exerts significant positive 
correlation both with pod-infestation and larval population presumably offering more 
area for insect pest activity, but these findings were contradicted by Khan et al. 
(1983) and Wahid and Rasheed (1998) who reported positive and significant 
correlation between plant height and grain yield. 
The cultivar IPC-2005-18 not only accomodated the minimum count of pods 
but also recorded less pod damage on account of minimum larval attack. Likewise, 
the total number of infested pods were more in the highly susceptible cultivars viz. 
IPC-2005-74 and IPC-2005-34 and the susceptible cultivar IPC-2005-25 but the 
infestation level was much less in IPC-2004-68, IPC-2005-29, IPC-2005-57, IPC-
2005-67 and IPC-2005-72 which were resultantly categorized as the tolerant ones. 
Maximum load of Helicoverpa larvae were seen in the cultivars IPC-2004-54, IPC-
2005-19, IPC-2005-25, IPC-2005-34, IPC-2005-52, IPC-2005-60, IPC-2005-62 and 
IPC-2005-74, while IPC-2004-73, IPC-2005-18, IPC-2005-29 and IPC-2005-30 
recorded meager larval count. These cultivars were placed under the category of 
tolerant cultivars. Sarwar et al. (2009) also conducted a similar study where the larval 
population was found to range from 0.71 to 1.00 in the tolerant cultivar (C-727) and 
2.52 to 6.33 in the susceptible cultivar (CM-88). On account of heavy load of pod-
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borer population, the maximum pod damage (67%) was recorded in IPC-2005-25 
followed by IPC-2005-74 and IPC-2005-19. However, the cultivars IPC-2005-30, 
IPC-2005-27, IPC-2005-29, IPC-2005-67 and IPC-2005-18 showed less infestation 
and were relatively tolerant to pest attack. Earlier, Chhabra and Kooner (1980) 
reported 0.5% infestations in resistant genotypes and 30-40% in susceptible lines, 
although they used different genotypes. Patnaik et al (1985) reported the highest pod 
infestation in BG-264 with the minimum level of 11.7% in RSG-130, whereas Ujagir 
and Khare (1987) gave the range of 87.1-100% pod-infestation. Wakil et al. (2005) 
submitted the similar report advocating that the genotype 93127 (41.66% damage) 
was ranked as susceptible against the genotype CM-4068/97 (15.71% pod damage) 
marked as the resistant one. Overall results from these physio-morphic characters 
showed that the cultivars imder trial exhibited high significance with regard to pod-
infestation, larval-population and grain yield and the trend was more or less similar in 
both the experimental years. 
Multiple types of resistance (tolerance, antixenosis, antibiosis and escape) are 
reported in chickpea. Ujagir and Khare (1987) opined that several morphological and 
phenological traits such as pod shape, pod wall thickness, foliage colour and crop 
duration seems to influence Helicoverpa infestation in chickpea. A high percentage 
of crude fibre, non-reducing sugars and low percentage of starch have been found to 
be related with the low incidence of Helicoverpa in the cultivar GL 645, while the 
presence of high levels of cellulose, hemicellulose and lignin in pod wall inhibits pod 
damage (Chabbra et al, 1990). Similarly, early maturing chickpea genotypes (JH 130, 
IPC-97-67) escaped insect attack and suffered less loss because of phenological 
asynchrony with population build up oi Helicoverpa. Thus, the varietal resistance can 
also be attributed to other biochemical markers present in chickpea like high oxalic 
acid and lectins causing antibiosis (Yoshida et al, 1995 and Shukla et al, 2005), high 
malic acid (Rembold, 1981) giving antifeedency and high activity of phenol ammonia 
lyase (Bhatnagar et al 2000) rendering resistance to the cultivars. 
Life table studies 
The construction of life tables is considered an important component in 
understanding the population dynamics of a species (Carey 1993). Life table provides 
a summary description of mortality, survivorship and life expectancy for a specified 
population. It shows organism's mortality (or survival) and reproduction rate 
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(maternal frequency) as a function of age. In nature, such mortality and reproduction 
rate depends on numerous factors such as temperature, population density, natural 
enemies, diseases etc. While constructing a life-table, the effects of these factors are 
averaged. Only age is considered as a factor that determines mortality and 
reproduction. Whereas in Stage-dependent life tables, the life-cycle is partitioned into 
distinct stages (e.g., eggs, larvae, pupae and adults) and the survival and reproduction 
depend more on organism stage rather than on calendar age. 
The present study showed that under natural environment H. armigera 
required a maximum of 43 days in 1^ ' and 48 days in 2°^  generation of 2006-07 and 46 
and 52 days in the 1^ ' and 2"'* generation in 2007-08 to complete its entire lifespan, 
whereas under controlled environment (26 ± 1°C and RH 65 ± 5%) it took 37 and 42 
days during the 1^  and 2""* generations, respectively. This is in agreement with the 
findings of Dabhi and Patel (2007) who reported 43.19 days as a mean time to 
complete the generation on chickpea. Further, the mean length of generation was 
found as 31.98 and 36.63 days in the bare natural conditions in 1^ ' and 2""* generations, 
respectively, but in controlled environment, it was more i.e 39.84 and 39.95 days in 
the 1" (2006-07) and 41.36 and 42.22 days in the 2"'' (2007-08) year of study. Patel 
and Koshiya (1998), while taking observations on soybean, reported that this species 
required 38.68 days as the mean length of generation. In controlled conditions, the 
maximum pivotal age oiH. armigera was found to be 36.5 in 1^* and 41.5 days in 2"^  
generation with a minimum of 29.5 and 33.5 days, respectively. However, under 
natural environment, the pivotal age of the female ranged between 36.5 to 44.5 days 
(1^' generation) and 36.5 to 45.5 days (2"** generation) in 1^ ' year and 37.5 to 47.5 days 
(I^' generation) and 38.50 to 48.5 days (2""^  generation) in the 2"'' experimental year. 
Further, it was revealed that females generally lived longer than the males. Bhatt and 
Patel (2001) and Sujalata and Singh (2004) also held the same opinion reporting the 
longevity of male and female as 7.52 and 10.93 days, respectively. 
The potential fecundity was found to variate from 305 eggs/female to 379.76 
eggs/female in controlled conditions whereas in nature, it ranged from 362.99 to 
375.09 eggs/female during 2006-07 and 388.90 to 391.18 eggs/female in 2007-08. 
Such observations are in agreement with the reports of Dhandapani and 
Balsubramanian (1980 a), Reddy et al. (2004) and Singh and Yadav (2009). 
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While computing the net reproductive rate, it was discerned that the rate of 
reproduction was less in controlled conditions as compared to field conditions. It 
ranged from 51.21 to 72.54 females/female/generation in controlled environment, 
whereas in natural scenario, it was recorded as 88.52 and 86.18 
females/female/generation in 2006-07. Likewise, in the succeeding year it was 
computed as 80.60 and 77.45 females/female/generation in both generations. The 
doubling time was found to be 5.61 to 5.90 days in controlled environment while in 
field, it was in the range of 6.13 to 6.72 days respectively. These observations are in 
sound agreement to the findings of Reddy et al. (2004) who also reported that it took 
6.107 days to double its population on sunflower. 
Under controlled environment, the numerical values for the highest record of 
finite, intrinsic and annual rate of increase in 1*' generation were computed to be 1.13 
females/female/day, 0.12 females/female/day and 3.87 x lO'^ /annum and 1.12 
females/female/day, 0.12 females/female/day and 4.08 x lO'^ /annum in the 2""* 
generation. In natural environment, the maximum finite, intrinsic and annual rate of 
increase it was 1.12 females/female/day, 0.11 females/female/day and 8.26 x 
lO'^ /annum, respectively in the 1^ ' generation. The corresponding values for the 
minimal intrinsic and annual rate of increase (1.12 females/female/day, 0.11 
females/female/day and 5.02 x 10^^ /annum, respectively were witnessed in the 2"*^  
generation. In the following year, the minimal intrinsic and annual rate of increase 
was found to be 1.11 females/female/day, 0.11 females/female/day and 7.30 x 
lO'Vannum in the 1^ ' generation and 1.11 females/female/day, 0.11 
females/female/day and 2.28 x lO'^ /annum, in the 2"'* generation, respectively. Dabhi 
and Patel (2007) revealed the innate and finite rate of increase as 0.1364 and 1.146 
females/female/day while Patel and Koshiya (1998) calculated it to be 0.1569 and 
1.172 females/female/day. These values are in close proximity to those revealed in the 
present findings. 
The variation in the survival ratio was revealed to be of high order. The 1^  
instar stage recorded the maximum MSR in both l" (0.20) and 2"'' (0.16) generations 
in controlled conditions. Likewise in natural environment also, it was found to be the 
highest in l" (0.12 and 0.12) and 2"*^  (0.16 and 0.17) year of observations. The pupal 
stage had MSR value as 0.1 (1'' generation) and 0.15 (2"*^  generation) in the controlled 
environment whereas in field, it was calculated as 0.08 (f' generation) to 0.1 (2"^ * 
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generation) in the first and 0.12 (l" generation) to 0.13 (2"^  generation) in the second 
year of investigation. Among larval instars, minimum MSR value was recorded as 
zero at 4"^  and 6* instars in 1^ ' generation and 5* larval stage in the 2"'^  generation, in 
controlled conditions. Whereas, in natural environment, the minimum MSR value was 
recorded at 4'^ 5* and 6* larval instar in 1^ ' generation and 4"* instar in 2"^* generation, 
during 1^ ' year of observation. Likewise, the 2""* year witnessed the minimum record 
of MSR at the 4* and 6"* larval instar stage in l" generation and 4*, 5* and 6* stage 
in 2" generation, respectively. Furthermore, when pre-pupal and pupal stages were 
examined, the respective lowest MSR figures were evaluated at the pre-pupal stage. 
At egg stage, the minimum k-value was found in 2°^  generation in comparison 
to 1^ ' generation in controlled conditions but under natural environment, the value of 
'k' ranged between 0.0362 to 0.0555 in all generations of both the experimental 
years. While comparing the larval instars, it invariably revealed the highest 'k' at first 
instar stage. These results go well with the findings of Solosly et al (1994) who 
reported that eggs suffered high level of mortality (80-90%) during early season under 
field and laboratory conditions. The k-value at pre-pupal and pupal stage was 
computed to the tune of 0.0227 and 0.0406 in the 1'' generation and 0.0392 and 
0.0615 in 2"^  generation in controlled conditions. Likewise, in natural biome, it was 
found to be 0.0126 and 0.0145 at pre-pupal whereas 0.0332 and 0.0548 at pupal 
stages in the first generations of first year and 2"** generation recorded 0.0064 and 
0.0231 k-values at prepupal and 0.0407 and 0.0502 at the pupal stages of 2""* year, 
respectively. The total generation mortality 'K' was recorded maximum (0.3372) in 
second generation followed by 0.2924 in the first generation of conti-olled 
environment, but in 2006-07 cropping season, in uncontrolled conditions, it was a 
0.2147 in second generation and 0.2007 in first generation. However, this trend was 
seen in the reverse order in the next year of study. 
Impact of abiotic factors on the Seasonal incidence 
The abiotic factors, particularly maximum and minimum temperatures, 
relative humidity and rainfall showed a direct bearing on the dynamics of H. 
armigera. There existed a positive significant correlation with maximum and 
minimum temperatures, while the maximum(r=-0.63) and minimum (p=-0.60) relative 
humidity showed a negative significant correlation with moth counts. On the other 
hand, the scarce rainfall was found to be negatively correlated (r=-0.24) with the moth 
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count. These finding were further concreted by the study held at IIPR, Kanpur over a 
period of seven years (1981-88) and an analysed data of 14 years (1982-83 to 1997-
98) dealing with the larval count in chickpea field and its correlation with prevailing 
weather conditions. It also showed that temperature had positive effect on the 
population build up of ^ . armigera while relative humidity had exerted adverse affect 
on the population. 
Contrary to the present findings, Patnaik and Senapati (1996) and Patel and 
Koshiya (1999) demonstrated negative correlation between maximum and minimum 
temperatures and larval population. The present findings also corroborate the findings 
of Vaishmpayan and Veda (1980), Yadav and Lai (1988), Lai (1996) and Sharma et 
al. (2005), who found positive correlation between larval population and maximum 
and minimum temperature. The present findings can also be compared with those of 
Tripathi and Sharma (1985) who concluded that relative humidity below 70% and 
rainfall of low magnitude were important factors affecting the population build up of 
H. armigera. In a follow up study, Dubey et al. (1993) also established that 
environmental factors did leave an impact on the development of the pest population. 
In the present studies low temperature and high humidity encouraged the population 
build up of Helicoverpa in chickpea ecosystem. Thakur et al. (1995) shared the view 
that high temperature and low humidity proved detrimental for its multiplication. 
Conclusively, this aspect demands more probing in different agro-ecological areas 
under cultivations. Rainfall also exhibited a positive significant correlation with larval 
population during the experimental period. Vaishampayan and Veda (1980) found 
positive significant correlation between rainfall and larval population. In a similar 
fi-ont, Tripathi and Sharma (1985), Lai (1996) and Sharma et al. (2005) also reported 
that rainfall might be responsible for larval population build up and out break of the 
pest. Further, during the present investigation, maximum and minimum relative 
humidity showed a positive but non-significant correlation with larval populations 
conforming the results of Uphadhaya et al. (1989), who also opined positive 
correlation between larval population and relative humidity. Contrary to the present 
finding, Yadav and Lai (1988) and Sharma et al. (2005), found a negative correlation 
between larval population and relative humidity. In an similar study conducted by 
Patel and Saxena (1991), a positive correlation with maximum temperature (r=+0.77 
and 0.86) and strong negative correlation with morning relative humidity (-0.826 and 
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-0.965) was revealed. Minimum temperature between 7.2 to 11.2°C and relative 
humidity 53.57-73.33% were found conducive to the pest development. 
The incidence of//, armigera larvae commenced after 53 days of sowing i.e in 
the 49* standard meteorological week, during rabi 2006-07, and continued till the 25* 
week of sowing or the 15 standard meteorological week. The population that 
appeared in the 1^ ' week of December 2006 (3.6 moths/trap) attained the peak activity 
in the second fortnight of April (11 moths/trap). The next brood appeared in the 40* 
standard week, following an ascending trend of increasing population till the 48* 
week (14 moths/ trap) and thereafter gradually it decreased till February. It again 
showed an increasing trend during March and April, reaching to its peak in 15* 
standard week. Similar observations were earlier traced by Pawar et al (1983) who 
evaluated the pheromone trap network for H.armigera in India through AICRP 
centres of pulse project and reported maximum catches of H.armigera in March and 
April in pigeonpea. Monitoring of pod-borer population through sex pheromone trap 
for more than a decade at the Indian Institute of Pulses Research (Kanpur), has clearly 
revealed an increase in the catches of 4-5 male moths per trap per night (usually 
between 9* to 10* standard week) as ETL ofH. armigera larvae , within 15-20 days 
during post-winter months. This finding served as a tool for immediate forewarning of 
this pest. 
Nakat and Ghorpade (1999) monitored the moth catches to be more in the 
52"^ *, \'\ 2"'' and 3"* meteorological weeks with maximum larval population of 13.4 to 
20.2 larvae/mt row length in the first fortnight of January. Unlike present 
observations, they concluded that minimum humidity had positive (r= +0.723) 
correlation with the moth catches. On the contrary, Patel and Saxena (1991) reported 
the pest appearance in the second week of January with its peak in the 9* standard 
week. These results corroborate the findings of Yadav and Lai (1988), Thakur et al. 
(1989), Anwar and Shafique (1992) and Lai (1996), Dubey et al (1993) who reported 
peak period of larval infestation fi-om the last week of February and beginning of 
March. It was also observed in the present findings that larval population was present 
on chickpea almost throughout the growth phases being low at vegetative and 
flowering stage and high at grain development stage. These observations are in 
accordance with the studies made by many other workers (Vaishampayan and Veda 
1980; Yadav et al, 1986; Dubey et al., 1995; Patel and Koshiya 1999; Suganthy et 
146 I P a g e 
^)iscussion 
al., 2003 and Sharma et ai, 2005) which further strengthening our study. Peak larval 
activity on chickpea, in present findings, was noticed in the third week of April, and 
was in conformity with earliar findings of Joshi and Brar (2003) in Punjab and Gupta 
et al (2006) in Jammu. 
The present results are in agreement with those of Yadav and Lai (1988), 
Khurana (1997), Patel and Koshiya (1999), Patel et al. (2001) and Rao et al. (2001), 
who reported the activity of larvae of H. armigera in the month of November. 
Vaishampayan and Veda (1980), in contrast, reported the incidence of larvae of H. 
armigera from S'^ week of September and 3"* week of October on chickpea. This 
difference may probably be due to the difference in time of sowing of chickpea and 
climatic conditions of the locality. 
Management Strategies 
Chemical management: The new generation insecticides, lambdacyhalothrin 
and lambdacyhalothrin+acetamiprid, along with widely used chemical employed in 
the region ,endosulfan, were evaluated against III"* and IV'^  instar lavaer of 
H.armigera infesting chickpea by the leaf dip bioassay. The LC50 and LC 75 values 
were calculated to be 76.2 and 93.69 mg/ml for lambdacyhalothrin, which proved to 
be the most effective insecticide as compared to pyriproxyfen alone as well as the 
combination of lambdacyhalothrin+acetamiprid. This is in close conformity with the 
reports of Shah et al (2003) who also ascertained the efficacy of Lambdacyhalothrin 
2.5 EC @ 250 ml/acre. Ramasubramanian and Regupathy (2004) made an attempt to 
evaluate the performance of Lambdacyhalothiin for it's acute toxicity against 3"* 
instar H.armigera larvae and found highest LD50 value (1.53) in Fl generation. 
Further, Geremew et al. (2004) made an excellent observation with 
lambdacyhalothrin (Karate) in larval immersion experiment and advocated that it 
could yield 99.33% larval death at eight time's lower dose (6.25x 10-5 g a.i/ml) than 
the field rate. 
Biological management: From time to time entomologists have documented 
the contribution of biocontrol agents and biopesticides by demonstrating the potential 
suppression of insect pests under diverse agroecological conditions. In the existing 
scenario of pest management, biopesticides have been evolved as an important 
functional component in IPM strategies in many developing countries including India 
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and Thailand and also in developed countries like Australia (Grzywacz et al 2005). 
Among various categories of biopesticides known so far, two commercial bacterial 
formulations viz. Lipel® and Dipel® and one viral formulation Heli-Cide® along with 
an indigenous local viral strain were used to evaluate their bio-efficacy against 
H.armigera. 
The spore forming crystalliferous bacterium Bacillus thuringiensis (Berliner) 
(Bt) possess the insecticidal protein delta-endotoxin, which upon activation, causes 
disruption in membrane integrity of the insect leading to its eventual death (Parmar 
and Devkumar 1993). The most predominant Bt product Bacillus thuringiensis var 
kurstaki being sold under various trade names such as Dipel, Lipel, Thuricide etc, was 
used to determine its efficacy specifically against H.armigera under the agroclimatic 
conditions of Aligarh. 
Nuclear polyhedrosis virus (NPV) is the only virus that has shown promising 
result as a conventional viral biopesticide. The specific H.armigera Nuclear 
polyhedrosis virus (T/aNFV) has been extensively studied with regard to its natural 
occurrence, host pathogen relationship, mass production, field-testing and safety 
against non-target species. The efficacy, specificity, and production of secondary 
inoculums have made it more attractive as an alternative solution to broad spectrum 
insecticides and have found a prominent place under IPM system. However, there 
exists a vast difference in the pathogenecity and virulence of different geographic 
isolates of//aNPV against the local natural population of the pest all over the world 
(Battu and Arora, 1996). The major cause for such variation in the genome level may 
be due to the change in sequence coding for a particular protein, insertion of host 
DNA into the viral genome, (Shapiro et al, 1999) or deletion of a part of the genome 
(Heldens et al, 1996). Kambrekar et al (2009) took an attempt to cluster such 
//aNPV isolates of different geographical locations to establish their genetic 
similarity. The present study followed a similar track by comparing the lethal 
concentration of the indigenous strain with the widely used commercial formulations. 
On employing the bacterial and viral pathogens on the larvae oiH.armigera, it 
was unveiled that the viral formulations had a slightly higher LC50 value thereby 
revealing the bacterial biopesticides to be more effective than their viral counterparts. 
These results are in full consent with that of Manjula and Padmavathamma (1999) 
who also supported that Bt have given more satisfactory control as compared to 
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HaN?Y. The LC 50 value obtained from Lipel® and Dipel® it was found to be 0.073 
^g/ml and 0.071 ml/L respectively. On the other hand, Heli-cide® recorded the 
maximum LC 50 value (1.14 LE/L) with the upper limit mounting to 1.3134 and the 
lower limit declining to 0.575. The local viral strain, however, gave LC 50 value of 
1.08 LE/L and the upper and lower fiducial limits at 95% being 2.0944 and 0.7429, 
respectively. Yadav and Verma (2007) reported that i/aNPV (@ 20ml/L) had 
provided better control over B.t (@ 2.5g/L) based on per cent larval mortality of 
H.armigera on chickpea. Further, the reports of Chand et al (1999) and Kumawat and 
Jhuba (1999) concreted the present findings on the efficacy of//oNPV, whereas the 
findings of Kulat et al (2001) and Krishnaiah et al (1981) favoured Dipel® to be 
effective to manage H. armigera population infesting chickpea. In other findings, five 
sprays of i/aNPV @ 250 LE/ha per week gave satisfactory control oiH.armigera and 
resulted in 28-47% increase in the chickpea grain yield (Mistry et al, 1984). 
According to Thombre (1996), an average of 69.85% larvae died due to NPV 
infection yielding an average count of 1.10 x 10^  and 1.36 x 10^  PIBs. The field 
recovery showed 58% virosis with 1.02 x lO' average PIB yield/larvae. Galande et al. 
(1999) observed maximum mortality (96.67%) with HoNVW when applied at 500 
LE/ha. Satpute et al. (2008) checked helicide doses on cotton, against H.armigera 
and helicide @ 2000ml/ha and this dose proved to be better but next to endosulfan 35 
EC @0.07% giving a yield of 4.15 Q/ha. Krishnaiah et a/. (1981) also observed that 
the weekly spray of Dipel effectively suppressed the population of H armigera 
infecting tomato crop. The viral bio-pesticides Heli-cide® and the local viral strain 
have shown LC 75 values very close to each other (1.45 and 1.44 LE/L). The 
regression coefficients were found to be 0.925 and 0.917 for Dipel and Lipel , and 
0.909 and 0.849 for Heli-cide® and the local strain, respectively. Narayanan (1979) 
advocated that the doses of 250 and 125 LE (1 LE= 6 x lO' POB) of HaN?Y when 
applied at three times intervals resulted in significant reduction in the larval 
population. 
Parasitioids: As far as the natural enemiies were concerned, it was found that 
H.armigera (Hubner) was attacked, in and around experimental area, by three larval 
parasitoids, Bracon hebetor (Say) (Hymenoptera: Braconidae), Cotesia (=Apanteles) 
glomerata L. (Hymenoptera: Braconidae) and Campoletis chlorideae Uchida 
(Hymenoptera: Ichneumonidae). 
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Campoletis chloridae, a solitary larval endoparasitoid was observed at the late 
first instar stage, exhibiting a maximum parasitization of 15% and 20% in both the 
years and in the first and second week of March coinciding with the crop maturity. 
Srinivas (1989) also observed high rate of parasitization (43.9%)) on the chickpea 
canopy. Singh and Ali (2006) also reported field parasitization in the 45'*' and 12* 
standard week which further strengthens the present study. Dhillon and Sharma 
(2008) in his study reported that temperature ranging between 12-35°C is conducive 
for C. chlorideae survival which is in complete agreement with the present 
observations. 
A gregarious larval ecto-parasite, Bracon hebetor (Say) (Hymenoptera: 
Braconidae) was also found to parasitize H.armigera larvae. Bisane et al. (2008) 
reported their activity at the early period of pest activity (November). Globally 
Habrobracon hebetor [Bracon hebetor] has been identified as a dominant species of 
larval parasitoid infesting H.armigera by several workers like Nadykta et al. (1999) in 
Russia, Mojeni et al. (2005) in Iran and by Tuerxun-Ahemaiti et al. (2006) in cotton 
field of Xinjiang. 
Cotesia glomeratus was also observed emerging fi"om the host body and 
spinned in a thin semispherical dome-shaped cocoon. Kamble et al. (2007) also 
reported such parasitizaion of H.armigera but on tomato. Radhika and Reddy (2007) 
also tried to explore seasonal incidence of insect-pests of cotton in the scarce rainfall 
zone of Andhra Pradesh and reported the attack of Apanteles flavipes [Cotesia 
flavipes] and Apanteles colomani on H. armigera. Sathe (2004) fiarther reported that 
Cotesia ruficrus attacked 8%) of the larvae of H. armigera, Cotesia glomerata 
parasitized A% of the larvae of Pieris brassicae, whereas Cotesia orientalis and 
Cotesia diumii parasitized 30 and ll%o of Exelastis atomosa larvae, respectively in 
southern Maharashtra. Further, the braconids Apanteles flavipes [Cotesia flavipes] and 
A. glomeratus [Cotesia glomerata] were recorded as larval parasitoids of the 
lepidopteran pests Heliothis armigera [Helicoverpa armigera] in Himachal Pradesh 
and C. glomerata was the most abundant parasitoid species (Kakar et al. 1989). 
Botanicals: Prohibitive expense to overcome the challenges of increasing 
resistance by insects, resurgence of pests and escalating environmental pollutions 
caused by the use of synthetic pesticides requires to find out less-expensive and non-
hazardous alternatives for the management of insect-pests inflicting losses to various 
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crops. During the last 50 years, worldwide use of synthetic insecticides to control 
insect pests has led to both emergence of insecticide resistance and environmental 
persistence (Roush, 1990). To offset these problems, plant derived phytochemicals 
have been widely used in the management of agiicultural pest since time immemorial 
(Choudhary, 2001). Plants are known to produce a range of secondary metabolites 
like alkaloids, terpenoids, flavonoids, phenols, glycosides, sitosterols and tannins. 
These phytochemicals are applied to protect the plants from the attack of insect-pests 
(Ahmad, 2007). Plant derived pesticides are eco-friendly, non-toxic to non target 
organisms and non persistent in nature, besides they do not promote drug resistance 
(Liu et al, 2000). Due to these properties, interest has been regenerated and hence the 
development of plant based chemical to manage the insect pest is emphasized. 
Moreover, compounds which do not display antifeedant property are reported to have 
growth regulatory activity as reported by Kraus et al. (1987). On the other hand, a few 
plant extracts display bimodal activity. At high concentrations, they may act as 
feeding deterrents while at low concentrations show growth inhibiting activities 
(Nawrot et al., 1991). Jermy (1990) reported that extracts with antifeedant and toxic 
effect are more successful in practical application as they evoke behavioral effect of 
antifeedancy. 
The results on natural products have shown the possibility to produce a great 
range of biological activities, including toxicity, repellency, antifeedancy and growth 
regulation properties (Chiam et a/., 1999) on the target pest. Some inhibit feeding, 
while few others disrupt hormonal balance and consequently inhibit growth, 
metamorphosis and reproduction. Nevertheless, an understanding of structure-activity 
relationship and how these compounds function in order to suppress pest population 
requires attention so that they could be produced at large scale. Usually larger doses 
of plant extracts inflict mortality either by inhibiting feeding or reducing digestibility 
or inhibiting growth. Even though smaller doses of extracts may not be adequate for 
killing the insects, but it may sometimes induce malformation (Ahmad, 2007). 
Induction of morphogenetic deformities during larval development or metamorphosis 
has greater impact on population build up. Malformed adults are unable to participate 
in reproductive activities and hence do not help building up the population. 
The mortality is mainly attributed to botanicals by their virtue of restricting 
feeding in the target insects, hi present findings, maximum mortality was recorded in 
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alchoholic (90.62%), petrol+benzene (89.29%) and methanolic fraction (93.16%) of 
Peltophomm vogelinum. Further, the highest rate of mortaHty (78.03% ) was 
witnessed in the ethyl acetate and acetone fraction of Crataegus crenuleata, ethyl 
acetate solvent of Xylosma (73.97 %) followed by aqueous (73.41 %) and ethyl 
acetate fraction of Anthocephalus cadamba (70.34 %). These observations are in 
salient agreement with the methanol exfract of Vitex negundo which showed the 
highest mortality (82.5%) at 2% concenfration on Helicoverpa armigera in a similar 
study by Sundarajan (2002). Ramya et ah (2008) also supported these findings by 
advocating antifeedency in the leaf aqueous exfract of Andrographis paniculata, 
Catharanthus roseus and datura metal within a range of 10.8 to 72.8 % against H. 
armigera. Similar studies were held by Janarthan et al (1999) who reported that 
pefroleum ether extracts of Perthenium histerophorus at a concenfration of 0.2 and 
0.5% could cause 100 % mortality. In a follow up study, Annona squamosa (sitaphal) 
seed exfract at 1.5% concenfration recorded the highest mortality (43.33%) in H. 
armigera (Sonkamble 2000) and the aqueous leaf extracts of Gnidia glauca showed 
more than 50% larval mortality at 0.8-1.0% and 86.1% mortality at 1.0% on Toddalia 
asiatica extract against sixth instar larvae (Sundarajan and Kumuthakalavalli, 2001). 
On the contrary, Mucuna and Asparagus recorded less mortality at the maximum 
(2.0%) concenfration. 
Antifeedency was revealed by four exfracts viz., Asparagus falcantus, 
Crataegus crenuleata, Peltoforum vogelianum and Xylosma longifolium in almost all 
solvents excepting the ethyl acetate and peltroleum fractions. Simmonds et al. (1990) 
also reported high antifeedency (low ED50) for pure compounds isolated from 
different plants thereby strengthening present observations. Pongamia pinnata 
(karanj) bark enriched with \^ types of flavonoids has been reported by Kumar et al. 
(2006) showing antifeedency against Spodoptera litura and other insect pests. Similar 
compounds (viz. Vitexin (flavone), Triterpenoidic acid and Isovitexin) were also 
fractionated from Crataegus crenuleata, and Xylosma longifolium (Triterpene 
glycoside, Kaemferol (flavonol), Quercetin (flavonol) and Flavonol glycosides) 
employed in the present study. Triglycerides, linoleic acids and oleic acids exhibited 
potent feeding deterrence against neonate larvae of Helicoverpa zea as reported by 
Ramsewak et al (2001). 
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Further, Asparagus falcantus showed bimodal activity, it has shown 
antifeedency in its acetonic solvent and restricted larval growth in chloroform and 
ethanolic fraction at 0.1% concentration. Such bimodal activity has also been unveiled 
by Nawrot et al. (1991), who inferred from his findings that at high concentration, the 
plant exfracts exhibit feeding deterrence while at low doses they inhibit the larval 
growth. 
A remarkable decrease in the larval weight (39.90%) was also witnessed in the 
ethyl acetate and acetone fraction of Crataegus crenuleata as against 58.59% in its 
aqueous solvent. In Xylosma longifolium, a maximum reduction of 49.32% in ethyl 
acetate solvent, 12.58% in pefrol and 11.85% in chloroform solvent, respectively was 
noted down. Such observations were also recorded in the methanol exfracts of Cassia 
nigricans, Swartzia madagascariensis and Strophantus hispidus as they justified their 
efficacies by witnessing significant larval weight reduction (74%) against H. zea. The 
reports of Reena and Singh (2007) on reduction in the larval weight (354.50 mg to 
396.66 mg) at 2.5 to 10% concenfration and (358.49 mg to 419.26 mg) at 0.5 to 2% 
concenfrations in Karanj seed exfracts against third instars of H. armigera fiarther 
concreted present findings. 
The decrease in larval weight and various other abnormalities (larval-pupal 
intermediates, pupal-adult intermediates, deformed adult) is also reported by Morale 
et al. (2000). Selvaraj et al. (2005) also supported the present findings on toxic and 
growth disrupting responses against H.armigera through his works on Pteridium 
aquilinum (L) Kuhn by employing chloroform ((having saponins, xanthoproteins and 
|3-ecdysone), ethanol (having saponins, xanthoproteins, tannins and flavonoids, a and 
P -ecdysone) and crude phytoecdysteroids fraction (with a and P -ecdysone). 
Likewise, the reduction in the pupal weight (234.80 mg at 0.2% to 193.42 mg 
at 2%) for Crategus crenuleata exfract in ethyl acetate and acetone solvent and in 
aqueous solvent (157.71 mg at 0.2% to 100.83 mg at 2%) was observed in the present 
experiment. Similarly Xylosma longifolium also showed pupal weight reduction in its 
ethyl acetate (46.24%), petrol (27.52% ) and chloroform solvent (27.09% ) at 2% 
concenfration in the present experiment. Such data are in collaboration with the work 
of Balaji et al. (2007) who recorded minimum pupal weight in 2% methanol treatment 
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(130 mg) followed by 1% ethyl acetate (220mg) as against 400 mg in the untreated 
larvae of the pod-borer by the thalli of the lichen, Roccella montagnei. Koul (1985) 
also stated that older larvae fed on 4 ppm azadirachtin treated leaf suffered 75% 
decrease in growth compared with the control larvae, which is in fiiU agreement with 
the present findings. 
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SUMMARY 
The present investigation was undertaken with an aim to evolve effective 
management strategies against Helicoverpa armigera (Hubner) (Lepidoptera: 
Noctuidae) infesting chickpea Cicer arietinum L. (Fabales: Fabaceae) in and around 
the agroclimatic zone of AHgarh, Uttar Pradesh. Chickpea, C. arietinum L. (Fabales : 
Fabaceae) is a major food legume that provides a cheap source of high quality protein 
in the diets of millions in developing countries, especially in the Indian subcontinent 
where the population is predominantly vegetarian or cannot afford animal protein for 
balanced nutrition. The production was 9.31 milUon tones/year worldwide, out of 
which hidia produced 5.3 million tones/year. Helicoverpa armigera (Hubner) 
(Lepidoptera : Noctuidae) is an economically important agricultural pest in many 
parts of the world which could cause US$ 5 billion annual losses on different crops 
worldwide. In chickpea, H. armigera can reduce yield up to 90-100% under severe 
infestation. 
Till date, the single application of any control method has failed to provide 
satisfactory and encouraging results to combat this nefarious pest to reduce its 
damaging potential. This has necessitated planning for adoption of efficient 
management approach which would fit well within the reach of farming community 
of the region under study. With this intension, an attempt was made to identify some 
promising germplasms on their differential response against H. armigera. The abiotic 
factors were also taken into account so as to highlight their contribution in dynamics 
of the pest under study. Semiochemicals in the form of lures were employed to 
monitor the population level of moths for two successive chickpea cropping seasons. 
A comparative study on life tables of H. armigera in natural and controlled 
environment was undertaken to unveil the key mortality factors responsible for 
population regulation. The management strategies included the determination of host 
plant resistance source amongst several cultivars, use of recently introduced synthetic 
chemicals and their comparison with that of widely used insecticide (endosulfan) in 
the region, determination of performance of microbial control agents involving 
commercially available formulations and their comparison with an indigenous strain 
and also evaluating feeding detterency and insecticidal properties of some new 
promising botanicals against H.armigera. 
Summary 
The experiments were conducted in the laboratory (26 ± 1°C and RH 65 ± 5%) 
as well as at the experimental fields of the Department of Plant Protection, Faculty of 
Agricultural Sciences, Aligarh Muslim University, Aligarh. The experimental site 
spreads fi-om 27°19' to 28°10' north latitude and 77°29' to 78°38' east longitudes and at 
an altitude of 187.45 meters above the mean sea level. It experiences a sub-tropical 
climiate with hot and dry summer with maximum temperature upto 48°C and cold and 
dry winter with minimum temperature down to 2°C. The soils of Aligarh are illitic 
fine sandy loam (sand 61 %, silt-25 %, clay-14 % and organic matter 0.41 %) with 
soil water ratio as 1:2.5 and 7.3 to 8.1 pH. The salient findings of the study are 
summarized below: 
6.1 Varietal significance 
It's long been recognized that identification and utilization of tolerant cultivars 
in host plant resistmce would be the most effective management option in IPM. 
Resistance genes fi"om diverse sources need to be combined i.e gene pyramiding 
needs to be done to increase the levels and diversify the bases of resistance to this 
pest. Concerted efforts are needed to transfer insect resistance into genotypes with 
resistance to wilt aiad desirable plant and grain characteristics. The knowledge of 
mechanisms, nature and inheritance of resistance is critical for developing cultivars 
with durable and stable resistance to insects. Systematic study of the host range to 
throw light on the chemical and physical attributes of the plant that determine their 
attraction and edibility need to be probed. Dissection of resistance into its components 
and precise genetic information on these components should be pursued so that 
beneficial genes or quantitative trait loci are pyramided in the cultivars. 
An attempt was made to relate various parameters like plant height, pod 
bearing potential, pod infestation, larval count and the yield of the cultivars so as to 
draw some conclusions about their correlations and determine their tolerance against 
the target pest. Three sowing dates (15* Oct, 1^ ' Nov and 15* Nov), differing by 15 
days interval, were used for highlighting their impact on these parameters. 
Out of the total 55 cultivars, IPC- 2005- 48, IPC- 2005- 65 and IPC- 2005-36 
were found to achieve good height and were categorised as taller cultivars while IPC-
2005- 35, IPC- 2005- 24, IPC- 2005- 78, IPC- 2005- 62, IPC- 2005- 45, IPC- 2005-
57 and SAKI-9516 were placed in the list of short heighted cultivars. The cultivars 
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that registered maximum number of pods per plant include IPC- 2005- 56, IPC- 2005-
65, IPC- 2005- 30, IPC- 2005-64, IPC- 2005- 54 and DCP-92-3. On the contrary, 
IPC- 2005- 18, IPC- 2005- 54 and IPC- 2004- 68 recorded the minimal number of 
pods per plant in both the cropping seasons. 
The pooled data of both years showed that the cultivars IPC- 2005- 25, IPC-
2004- 54, IPC- 2005- 28, IPC- 2005- 36, IPC- 2005- 62, IPC- 2005- 65 and IPC-
2005- 74 experienced maximum pod infestation per plant. Whereas, IPC- 2004- 68, 
IPC- 2005- 78, IPC- 2005- 29, IPC- 2003-46, IPC- 2005- 57, IPC- 2005- 67, IPC-
2005- 69, IPC- 2005- 30, IPC- 2005- 18, IPC- 2005- 27 and SAKI-9516 suffered less 
pod damage. The cultivars having maximum larval count were enlisted as IPC-2005-
19, IPC-2005-25, IPC-2005-34, IPC-2005-52, IPC-2005-60 and IPC-2005-62. 
Minimum larval attack was however recorded on IPC-2005-18, IPC-2004-88, IPC-
2004-78, IPC-2004-73, IPC-2005-66, IPC- 2005-30, IPC- 2005-36, IPC- 2005-57, 
IPC- 2005-64, IPC- 2005-65, IPC- 2005-68, IPC- 2005-78, SAKI-9516, IPC-2005-29, 
IPC-2005-41 and IPC-2005-65 during the observation period of both years. 
The maximum damage potential of H.armigera was recorded on IPC-2005-74, 
IPC-2005-62, IPC-2005-54, IPC-2005-34, IPC-2005-25, IPC-2004-54, IPC-2005-42 
and IPC-2005-17. On the other hand, the minimum damage was seen in IPC-2005-29, 
IPC-2005-78, IPC-2005-67, IPC-2005-27, IPC-2005-30, IPC-2005-18 and SAKI-
9516.The pooled data regarding grain yield of various selected cultivars of chickpea 
and their analysis of variance revealed a highly significant difference (p < 0.05 and 
0.01) among the cultivars. The maximum grain yield was recorded on IPC-2005-64 
(1207.23 kg/acre), followed by IPC-2005-56 (1138.91 kg/acre), IPC-2005-35 
(1107.63 kg/acre), DCP-92-3 (1084.91 kg/acre) and IPC-2005-74 (1061.78 kg/acre) 
while IPC-2004-68 (86.47 kg/acre) produced the minimum grain yield. 
Dendrogramical classification and screening of accessions 
The multivariate of multi-factorial data viz., larval count, damaged pods and 
inverse of the total number of pods of the individual cultivars were used to classify 
the cultivars into two broad categories of tolerant and susceptible cultivars. As a 
result, 24 cultivars (2005-44, lPC-2005-72, IPC-2005-26, IPC-2005-15, IPC-2004-73, 
lPC-2005-76, lPC-2005-66, KWR-108, IPC-2003-46, IPC-2004-88, IPC-2005-45, 
BG-256, IPC-2005-30, IPC-2005-64, IPC-2005-43, IPC-2005-41, IPC-2005-68, IPC-
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2005-77, IPC-2005-39, IPC-2005-61, IPC-2004-83, IPC-2005-48, IPC-2005-56 and 
IPC-2005-79) were categorized as highly tolerant; 10 cultivars as moderately tolerant 
(IPC-2005-17, SAKI-9516, IPC-2005-67, IPC-2005-69, IPC-2004-78, IPC-2005-57, 
IPC-2005-78, IPC-2005-27, IPC-2005-18 and IPC-2005-29), 5 cultivars as tolerant 
(IPC-2004-68, IPC-2005-19, IPC-2005-62, lPC-2004-54 and IPC-2005-28), 6 
cultivars as susceptible (IPC-2005-24, IPC-2005-65, IPC-2005-35, DCP-92-3, IPC-
2005-42 and IPC-2005-36), 7 cultivars as moderately susceptible (IPC-2005-52, ffC-
2005-60, IPC-2005-59, IPC-2005-37, IPC-2005-54, IPC-2005-16 and IPC-2005-53) 
and 3 cultivars were categorized as highly susceptible (IPC-2005-25, IPC-2005-74 
and IPC-2005-34) to H. armigera. 
6.2 Seasonal incidence 
The seasonal incidence oiH. armigera commenced after 53 days of sowing i.e 
in the 49"* standard meteorological week, during rabi season 2006-07, and continued 
until the 25 week of sowing (15 standard meteorological week) and during this 
period, the population varied fi-om 3.66 to 11 moths/trap. However, in January, an 
undulating pattern on population count was observed. During grain filling stage 
(February), the count increased, reaching to its peak on the 15* standard week. The 
following year, Helicoverpa made its appearance in October itself but the level of 
incidence was low because of the vegetative stage of the crop. The moth catches were 
irregular, gaining momentum gradually in early December and declining thereafter 
imtill January. Such increasing pattern was observed on population count till March 
shov/ing maximum count of 11.67 moths/ trap. 
6.3 Life table study 
Population of any species possess certain specific characteristics viz., density, 
natality, mortality, dispersal, age distribution and population growth. Any population 
in a particular environment will have a specific growth rate of individuals, which is 
determined by the environmental factors and certain innate quality of the organism 
themselves i.e its biotic potential to reproduce and survive. Life table describes for the 
successive age intervals the number of deaths, remaining survivors, rate of mortality 
and expectation of further life. 
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6.3.1 Life tables under controlled environment 
6.3.1.1 Age specific life-table 
When studied under control environment (26 ± TC and 65 ± 5% RH), H. 
armigera required 37 and 42 days to complete its lifespan in 1^* and 2"^  generation, 
respectively. The maximum duration of egg, larva and pupa were found to be 3, 15 
and 8 days in 1^ ' generation and 4, 17 and 9 days in 2" generation, respectively. The 
life expectancy of the newly deposited eggs was found as 21.8% in 1^* generation and 
23.98% in 2"^  generation. The highest mortality of this species was recorded on 34*, 
35* aind the 36* day in 1'' generation and 38* and 39* day in 2"'' generation. The 
mortality rate was comparatively high at the age of 34 to 37 days in the 1^* generation 
and 37 to 42 days in the next generation. The early instars showed more deaths than 
the kite instars. A steady intermittent decline in the life-expectancy was observed 
from the beginning of the generation till its culmination. 
6.3.1.2 Stage specific life-table 
6.3.1.2.1 Apparent mortality 
Pronounced veiriations were revealed in the trend of apparent mortality for two 
generations at different developmental stages. At egg stage, the highest mortality 
(11%) was recorded in 1*' generation and 7% in T^ generation. Whereas, between 
larval instars, it was maximum (16.85%) at the 1^ ' instar stage followed by 12.16, 6.15 
and 3.28% at subsequent larval instars i.e. 11"*^ , III"* and V* larval stage, respectively. 
til i\\ 
Interestingly, 4 and 6 instars didn't exhibit any mortality. The pre-pupal and pupal 
stages also revealed pronounced variation in mortality. 
6.3.1.2.2 Survival fraction 
Variation in survival fraction was of low order at the egg stage in both 
generations. When a comparison was made among the larval instars, it was noticed 
that the values were more or less on par with each other. Survival fraction (Sx) was 
found maximum (1.00%) at 4* and 6* instar and minimum at 1^ ' instar stage in 1^ ' 
generation. However, in 2"'' generation, among larval instars, the Sx remained highest 
at 5* instar stage, while the least survival fractions was recorded at 1^ ' two successive 
instars. 
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6.3.1.2.3 Mortality smrvivor ratio 
The data on the survival ratio revealed that the pattern was inversely 
proportional to Sx but similar to that of apparent mortality. Of all the stages, the 
maximum MSR was found at 1^ ' instar stage, whereas the minimum value was 
obtained at 4* and 6* instars in 1^ ' generation. The MSR however, remained zero for 
tlh th 
the 5 and 6 instars resulting from nil mortality. In the next generation, among larval 
th tK th 
instars, minimum MSR value was recorded at 4 , 5 and 6 instars in contrast to 
maximum at 1^ ' and 2" instar stages. Furthermore, when pre-pupal and pupal stages 
were examined, the lowest MSR value was computed at pre-pupal stage followed by 
pupal stage. 
6.3.1.2.4 Indispensable mortality 
The Indispensable mortality (IM) followed a similar trend to that of MSR. 
When different larval stages were compared, the maxunum IM to the tune of 10.34 
was recorded at the T* instar stage followed by the second high of 7.6 at the 2"** instar 
stage during 1^* generation. The minimum IM was nevertheless, zero at 4* and 6"* 
instar stages. On the other hand, in 2"^ * generation, the highest IM was recorded at 1^ ' 
J th 
instar stage (7.48) closely followed by 2 instar (7.33) and minimum at 5 instar 
stage (0.77). The pre-pupal stage registered a value of 2.73 in 1^* generation and 4.34 
in the next generation. Lastly, the indispensable mortality at pupal stage was 
computed as 5 and 7 in 1^ ' and 2"'' generation, respectively. 
6.3.1.2.5 k-values 
The highest 'k' was found at 1** instar in 1^ ' and 2"** generation, respectively. 
Conljarily, it remained zero at 4* and 6* instar stage in thel^' generation, while in 2"** 
generation, the least k value was acquired by the 5* instar larvae. The total 
generation mortality 'K' was recorded relatively high in the 2"'' generation. 
6.3. L3 Life and fertility-table 
The observations revealed that H. armigera laid its eggs during a definite 
period of pivotal age). The 2"*^  generation recorded a natality period of 9 days as 
against 8 days in the 1^ ' generation. A marked difference was noticed in the egg laying 
capacity of//, armigera in both the generations. The maximum number of eggs was 
laid during three specific days {viz., 31.5"^ , 32.5"^  and 33.5'"^  day) of the total egg 
laying period, contributing 68% of the total fecundity. The potential fecundity (379.76 
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eggs/female) and doubling time (5.90 days) was more in the 2"** generation than that 
of 1st generation population. The net reproductive rate representing total female births 
was recorded as 51.2 females/female/generation in 1^ ' generation and 72.54 
females/female/generation in 2"^  generation. 
The mean generation time ranged from 31.98 to 36.63 days (1^' and 2"'^  
generaition, respectively). The 1^ ' generation recorded higher values for the finite, 
intrinsic and annual rate of increase of population than that of 2"** generation. 
6.3.2 Life tables under natural environment 
6.3.2.1 Age specific life-table 
hi the cropping season 2006-07, H. armigera completed its entire life cycle in 
43 days and 48 days in 1^ ' and 2°^  generation, whereas in 2007-08, the cycle was 
completed in 46 and 52 days in l" and 2"** generation, respectively. Intermittent 
pauses in the age specific survivorship (Ix) were also observed in both the 
generations. In 1^ ' generation, after an initial drop of population from day 1 to 10, the 
mortality count was stable for some days, but again on 39*'' to 43'^ day, sharp peaks of 
mortality were observed. A similar undulating pattern on mortality was also seen. In 
the 2"** generation, the high peaks of mortality was witnessed on the 39*, 40*, 44*, 
45*, 46* and lastiy on the 47* day of their development. In the subsequent year, the 
high peaks of mortality were recorded on 5*, 39*, 40*, and 44* day in the 1'' 
generation and on 5*, 45* and 51 '^ day in the 2"^  generation. Nevertheless, life 
expectancy followed a gradual declining trend, with an advancement in age, til the 
completion of the generation. 
6.3.2.2 Stage specific life-table 
6.3.2.2.1 Apparent mortality 
All the developmental stages of//, armigera showed a marked variation with 
respect to apparent mortality. On comparison, at different developmental stages, it 
was revealed that the 1^* instar stage recorded its maximum value in both generations 
during 2006-07. However, the mortality of very low order at 4*, 5* and 6* instar 
stages in both the generations. In 2007-08 also, the number of deaths encountered in 
f generation was maximum at 1"' instar larval stage (13.48) followed by the 2"** instar 
stage (11.69) and the egg stage (11.00), whereas, other instar stages revealed less 
mortality. 
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6.3.2.2.2 Survival fraction 
Marginal difference was witnessed in the survival fraction (Sx) at all the 
developmental stages of H. armigera in both generations of 2006-07. In the 1st 
generation, Sx was found maximum (0.99) each at 4*, 5* and 6* larval instars and 
minimum (0.89) at the 1^* instar stage. Similar trend was also observed in the 2^ 
generation. In 2007-08, the variation in survival fraction remained less at early larval 
stages in both the generations. It was however found maximum (0.98) at 4"* and 6* 
larval instars and minimal at pupal stage (0.88%) in 1^ ' generation. In the subsequent 
generation, among larval instars, the Sx remained highest (0.99) at 4"* and 5* instar 
stage and the lowest (0.85%) at 1^ ' instar stage. The pupal stage, however, did not 
reveal much variation in both the generations. 
6.3.2.2.3 Mortality survivor ratio 
In 1^ ' generation of 2006-07, the mortality survival ratio was recorded 
maximum (0.12) at 1^ ' instars stage in contrast to minimum (0.01) at 4"* to 6* mstar 
larval stages. The pre-pupal stage showed a relatively higher (0.08) ratio than that 
observed at the pupal stage (0.03). While comparing the MSR among larval instars in 
the 2"** generation, the 1^ ' instar exhibited the highest ratio (0.12) than others. 
Furthermore, when pre-pupal and pupal stages were examined, the respective lowest 
MSR values were evaluated at the pre-pupal stage (0.01) and pupal stage (O.IO). 
In 2007-08, an intermittent pattern similar to that of apparent mortality was 
seen with respect to mortality survival ratio in both generations showing a decreasing 
trend. MSR was found maximum (0.16) at 1^ ' instars stage in 1*' generation and 
minimum (0.02) each at 4* and 6"* instars, respectively. In 2"'' generation, among 
larval instars, the minimum MSR value was recorded at 3''' and 4**^  developmental 
instars and it remained highest at T' instar stage (0.17%). Furthermore, when pre-
pupal and pupal stages were examined, the respective lowest MSR figures were 
evaluated as 0.05% at pre-pupal and 0.12% at pupal stage. 
6.3.2.2.4 Indispensable mortality 
The maximum indispensable mortality (8.90) recorded in 1^ ' generation of 
2006-07 at 1^ ' instar stage as against minimum (1.01) at 4"' instar stage in the l" 
generation. Similar trend was also observed in the 2"'' generation. The pre-pupal stage 
registered IM as high as 2.15 in f' generation in contrast to 1.09 in 2"** generation. 
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However, at pupal stage the mortality was registered as 5.79 and 7.18 in l" and 2"** 
generation, respectively. 
During the year (2007-08), a marked variation with respect to IM values was 
recorded at the different developmental stages of ^. armigera. The maximum IM to 
the tune of 11.38 and 12.65 was recorded at 1^ ' instar stage in both successive 
generations, in contrast to minimum (1.14 and 1.20 %) observed as 4'*' instar stage 
registering the minimum of mortality, repetitively. The pre-pupal stage showed a 
value of 2.47 and 3.98 in 1^* and T^ generation, respectively. However, the 
indispensable mortality at the pupal stage was of much higher magnitude i.e. 9.83 and 
8.94 %, in respective generations. 
6.3.2.2.5 k-values 
The k-values were found on par with each other with respect to 4"*, 5* and 6* 
larval instars in both the generations during the cropping season, in 2006-07. The 
highest values were attained for 1^ ' instar larval stage in both the generations. The 
total generation mortality 'K' was computed to be maximum (0.2147) in 2"** 
generation as compared to minimum (0.2007) in 1^ ' generation. 
While making a comparison between developmental instars, the minimum k 
value was obtained at 4* instar stage in 2"'* generation and at 6"' instar stage in 1^ ' 
generation. On comparison of the total generation mortality 'K', it was propounded 
that the maximum mortality was encountered in 2° generation as against 1^ ' 
generation. 
6.3.2.3 Life and fertility-table 
As was discerned from the findings, that H.armigera completed its egg laying 
period within 9 days in 1^ ' generation and 10 days in 2"** generation. In 1^ ' generation, 
the maximum eggs were laid on 38.5*, 39.5*, and 40.5* day sharing 59.86% of the 
total eggs laid. Likewise, in the 2""^  generation, the maximum numbers of eggs were 
also laid on the 39.5* day of the oviposition period. Higher carrying capacity of 88.52 
was witnessed in T' generation as compared to 84.91 in 2"** generation. The potential 
fecundity was of low order (362.99 eggs/female) in the f generation as against 
375.09 eggs/female in the 2"*^  generation. 
On comparing the mean length of generation and doubling time, it was 
revealed that their maximum values to the tune of 39.95 days and 6.21 days, 
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respectively, were found in the 2"*^  generation. The intrinsic rate of increase was of 
higher magnitude (0.1130 females/female/day) in 1^ ' generation comparing to 2"'' 
generation (0.1117 females/female/day). Further, the finite and intrinsic rate of 
increase of the population were recorded as high as (1.1197, 0.1125 
females/female/day and 8.26 x lO'^ /annum, respectively) in the 1^ ' generation. 
On the other hand, in 2007-08, during 1^* generation, the commencement of 
egg laying was seen laying on 35.5"* day which ended on 45.5''' day. Whereas in the 
2"'' generation, the egg laying started on 38.5* day and continued till the 48.5* day. 
More number of eggs was laid on 38.5*, 39.5* and 40.5* day contributing 205.28 
eggs i.e. 52.78 % of the total eggs laid in 1^ ' generation. Similar was the trend in 2"^* 
generation, wherein the females produced 263.01 eggs between 40.5 to 43.5* day 
exhibiting a total share of 67.23% of the total egg natality. Maximum mean progeny 
production per day was 75.16 per female/day in 1*' and 80.65 per female/day in 2"'' 
generation of 2007-08. The potential fecundity (391.18 eggs/female) and net 
reproductive rate (76.56 females/female/generation) were recorded to be more in 2""* 
generation as compared to that in the 1^ ' generation. Following the same trend, the 
mean length of generation and doubling time were also found maximum (42.22 days 
and 6.72 days, respectively) in 2"'* generation and minimum (41.36 and 6.52 days, 
respectively) in the 1*' generation. The maximum finite, intrinsic and annual rate of 
increase were observed as 1.1122, 0.1059 females/female/day and 7.30 x lO'^ /annum, 
respectively in 1^ ' generation. Whereas, the corresponding values for minimal rate of 
increase were witnessed as 1.1087, 0.1028 females/female/day and 2.28 x 
lO'^ /annum, respectively in 2"*^  generation. 
6.3.2.4 Key mortality factors 
Life table analysis under natural environment points towards the key mortality 
factors imparted by various ecological parameters including both biotic and abiotic 
agents. Such information serves as an important pre-requisite in identifying the weak 
links in the life cycle of an insect and unveils its most vulnerable stage in respect to 
the mortality factors. In the present investigation, it was seen that the rate of mortality 
was more prominent during egg and early larval stages but decreased with the 
progress of the life cycle. The mortality in egg stage has been attributed to adverse 
climatic conditions, dislodgement of eggs due to rains, non-fertilisation of eggs, 
predation as the predominant causes of such destructions. Braconid and ichneumonid 
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wasps were recorded as the predominant parasitoids acting upon mid-larval instars, 
nevertheless Campoletis chloridae attacked the early instars. The fate of pupa was 
difficult to determine under natural environment. The pupal mortality was also of 
higher magnitude due to adverse environmental factors, predation e.g by ants, 
bacterial diseases, nematodes, physical distortion and some unknown factors. 
6.4 Impact of abiotic factors on pest abundance 
In the first cropping season (2006-07), the moth population was positively 
correlated with the maximum (r=0.89) and minimum temperature (r=0.87) and 
negatively correlated with the maximum (r=-0.64) and minimum (r=-0.75) relative 
humidity. The effect of rainfall was however non-significant. In the following year, a 
similar pattern to those of the first year was also observed. 
6.5 Integrated management strategies 
Considering the complexities in managing Helicoverpa effectively, it's 
imperative to follow an integrated approach involving agronomic and cultural 
management, host plant resistance, biological control, natural enemies and judicious 
use of synthefic pesticides. A thorough analysis of multi-trophic interactions in the 
context of benefit versus crop damage and yield loss helps in deciding management 
opfions. 
6.5.1 Chemical Control 
The major plank to manage Helicoverpa is sfill the use of synthefic 
insecficides, so efforts should be taken to explore the possibility of maximizing the 
efficacy of insecficides while minimizing its harmfial effect on the environment. In 
this perspecfive, the performance of two novel insecticides viz., lambdacyhalothrin 
and lambdacyhalothrin+acetamiprid in comparison to widely used insecficide 
(endosulfan) in the region was evaluated against the 4' instar larvae of H. annigera. 
The experiment was conducted following leaf dip bioassay technique. It was found 
that lambdacyhalothrin proved to be more effecfive in its performance showing the 
LC 50 value of 76.2 ml/L, followed by lambdacyhalothrin+acetamiprid (LC5o=83.64 
mg/ml) and endosulfan (LC5o=182.15 ml/L). The corresponding LC75 values for all 
these three insecficides was recorded as 93.69, 104.51 and 260.72. 
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6,5.2 Microbial control 
Biopesticides are an emerging and promising area for effective and safe 
control of H. armigera on chickpea. With this insight, two commercial bacterial 
(Lipel , Dipel ) and two viral formulations (Heli-Cide® and an indigenous strain) 
were checked for their lethal concentrations. The LC 50 value obtained by Lipel® was 
0.073 ng/ml followed by Dipel® (LC 50 = 0.071 pg/ml), Heli-cide® (LC50 =1.14 
LE/L) and local strain (LC50 = 1.08 LE/L). The regression coefficients were 0.925 and 
0.917 for Lipel® and Dipel® and 0.909 and 0.849 for Heli-Cide® and local strain, 
respectively. Similarly, the LC 75 value for Lipel® was found to be 12.23 pg/ml, for 
Dipel® as 0.09 \i\lm\, for Heli-cide® as 1.44LE/L and for local strain as 1.45. The 
regression coefficients were found to be 0.925, 0.917, 0.909 and 0.849 for Dipel®, 
Lipel , Heli-cide and the local viral strain, respectively. 
6.5.3 Parasitoids 
Biological control involves deploying the natural enemies to control pests. In 
present investigation, three larval parasitoids viz., Cotesia (=Apanteles) glomerata L, 
(Hyinenoptera: Braconidae), Bracon hebetor (Say) (Hymenoptera: Braconidae) and 
Campoletis chlorideae Uchida (Hymenoptera: Ichneumonidae) were recovered at 
different stages of Helicoverpa larvae infesting chickpea. The parasitization 
percentage was found to be as high as 15 to 25% in successive years of study. 
6.5.4 Botanicals 
The performance of seven plant extracts with respect to their efficacy, 
antifeedency and insecticidal properties against the IV' instar of H. armigera was 
made through leaf dip method. The screening of Asparagus falcantus, Mucuna 
cochichinensis, Salsola fitida, Anthocephalus cadamba, Crategus crenuleata, 
Peltophonim vogelianum and Xylosma longifolium was done at 0.01% concentration 
at 16, 24 and 48 hours so as to mark the most effective solvent coupled with the 
respective herbal extract. Except for Salsola fitida, rest botanicals were further put to 
trial to record reduction in larval and pupal weights and also insecticidal effect. 
The aqueous solvent of Mucuna cochichinensis recorded the maximum 
reduction in larval (58.59%) and pupal (63.99%) weight at the highest concentration 
of 2%. The per cent mortality ranged from 5.81% to 50.86% at minimal and maximal 
concentrations, respectively. 
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The highest reductions in larval and pupal weights were recorded as 57 % and 
52.39%, respectively at 2% concentration of the extract of Asparagus falcantus 
prepared in acetone. It also recorded the highest percent mortality (69.03%) as 
compared to the alchoholic and chloroform fractions. In alcohol, it recorded 40.79% 
and 41.39% larval and pupal weight reduction, whereas, the chloroform solvent 
showed 37.71% larval weight reduction and 32.51% decline in pupal weight at the 
highest dose. 
The aqueous and the ethyl acetate solvent of Anthocephalus cadamba proved 
as the most efficient solvent in substantial reduction of the larval (53.46 and 54%, 
respectively) and pupal weights (67.81 and 64.25%, respectively). The percent 
mortality in both respective solvents was shown as 73.41 and 70.34%) at the highest 
dose (2%). The other three solvents viz. methanol, alcohol and chloroform caused 
30.86%, 22.89%) and 33.87% mortality and could not cause more than 40%) reduction 
of the larval weights. The methanolic and chloroform fractions exhibited around 46% 
pupal weight reduction. 
Crategus crenuleata in its solvent of Ethyl Acetate + Acetone showed a 
maximum larval and pupal weight reduction to an extent of 39.90 and 25.61%, 
respectively at 1% concenfration. However, the mortality was recorded as high as 
78.03%. 
The maximum reduction of 49.32% in the larval weight and 46.24% in the 
pupal weight was noted at 2% concentration of ethyl acetate solvent of Xylosma 
longifolium. However, the other two extracts, pefrol and chloroform solvents showed 
the pupal weights close to the normal control values. 
Similar results were observed for Peltophorum vogelianum for its 
acetone+ethyl acetate, alchohol, petrol + benzene and methanol solvents at all the four 
concentrations of 0.02%), 0.05%), 1% and 1%, respectively. The alchoholic solvent 
caused the least percent reduction of 38.60% in larval and 42.42% in its pupal 
weights. The petrol+benzene fraction caused a reduction of 19.84, 37.69, 42.85 and 
48.62% in the larval weights of the pod borer and similar reduction of 24.09, 32.43, 
43.42 and 46.39% in the pupal weights, in successive increasing doses, exhibiting a 
negative correlation of doses to weights. However, maximum mortality (93.16%)) was 
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recorded at 2% concentration in the methanolic fraction, thus proving it to be the most 
efficient solvent among the rest. 
6.6 CONCLUSIONS 
The economic significance of Helicoverpa damage and losses in farm produce 
points to gaps in technological options to manage the pest on sustainable basis. 
Concerted research efforts are needed to identify in greater depth, so as to evolve 
most appropriate technology in order to accelerate the pace of crop production. 
Breeding crop varieties resistant to insect pests will go a long way in pest 
management. Host-plant resistance helps in suppressing the pest population at low 
cost and with least disturbance to the ecosystems. Early sown crop could escape the 
attack of the pod borer larvae as revealed in the study. The following cultivars have 
shown tolerance with good yield e.g. so IPC-2005-44, IPC-2005-72, IPC-2005-26, 
IPC-2005-15, IPC-2004-73, IPC-2005-76, IPC-2005-66, KWR-108, IPC-2003-46, 
IPC-2004-88, IPC-2005-45, BG-256, IPC-2005-30, IPC-2005-64, IPC-2005-43, IPC-
2005-41, IPC-2005-68, IPC-2005-77, IPC-2005-39, IPC-2005-61, IPC-2004-83, IPC-
2005-48, IPC-2005-56 and IPC-2005-79 have shown tolerance to H. armgera attack. 
The physical and biological environment has direct impact on the occurrence, 
population build up, infestation levels, survival, rate of multiplication, life duration 
and epidemiology of the pest. The pest-weather relationship and spatio-temporal 
distribution are important factors responsible for population fluctuation. Such 
monitoring over space and time are also needed for the identification of critical 
mortality factors, growth rate etc in decision making for integrated pest management 
programmes. 
Lambdacyhalothrin was the most effective insecticide against H. armigem, in 
comparison to other insecticides including endosulfan, which is widely used by the 
farming community. The early instars are prone to Campoletis chlorideae Uchida 
(Hymenoptera: Ichneumonidae) whereas the third and fourth instars are attacked by 
Bracon hebetor (Say) (Hymenoptera: Braconidae) and Cotesia (=Apanteles) 
glomerata (Hymenoptera: Braconidae), so they need to be conserved. The commercial 
bacterial formulations, namely Dipel® and Lipel® and viral formulations (Helicide) 
and local indigenous strain were effective in controlling the pest. The performance of 
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commercial viral formulation was however found inferior to the indigenous strain of 
//aNPV. 
The botanicals, namely Mucuna cochichinensis in its aqueous solvent. 
Asparagus falcantus in its acetonic fraction, Anthocephalus cadamba in its aqueous 
solvent, Crategus crenuleata in the ethyl acetate and acetone, Xylosma longifolium in 
ethyl acetate and Peltophorum vogelianum in its methanolic solvent can be used to 
restrict the population build up of Helicoverpa armigera by virtue of antifeedency and 
development of abnormalities in the adults, rendering them incapable of mating. 
6.7 FUTURE THRUST 
1. Screening of gemiplasm accessions though have led to identify tolerant accessions 
but the inconsistency in reaction against the pod borer remains a bottleneck in 
exploitation of these genotypes in the development of resistant varieties. Hence a 
dynamic research is needed to identify resistant genes or lines with diverse 
resistance mechanisms and pyramid resistance genes into adapted genotypes so as 
to create variability in the cultivated gene pool through mutation. 
2. There is a great need to improve screening techniques for the gram pod borer. Use 
of micro analytic methods like capillary gas chromatography, mass spectrometry, 
etc could help in rapid screening of germplasms for phytochemicals that correlate 
with insect resistance under field conditions. Field screening coupled with lab 
testing of selected plants would enhance the efficacy of breeding methods 
employed for host plant resistance. 
3. An accurate forecasting of pest population is the comer stone of successful ffM, 
so agricultural meteorologists and statisticians should develop models for location 
specific application and early warning. 
4. Mucuna cochichinensis. Asparagus falcantus, Anthocephalus cadamba, Crategus 
crenuleata, Xylosma longifolium and Peltophorum vogelianum could be further 
exploited for their active ingredients and processed as potent biopesticides for safe 
management prospects. 
5. More in-depth studies of various modes of action of plant based insecticides 
against the pod-borer, evaluation of their relative safety to parasitoids and other 
natural enemies, and concerted multilocational field trials using stable 
formulations and improved application techniques can pave way for their 
increased use in managing this pest. 
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Abstract: This experiment was designed with two very promising plants Crataegus crenuhata and Xylosma 
longfolhm against HM gram pod borer, Helicoverpa armigem (Hubner) (Lepidoptera: Noctuidae) in laboratory 
conditions for investigating its insecticidal and food deterrent properties on chiclq)ea They were evaluated via 
Leaf-dip method. Complete antifeedency resulted at 1 % corKentration, leading to 50.86 % mortality in the 
aqueous fraction and 78.03 % in the f/iy/aceto/B an(i/4ceto«e fiaction at 2% concentration, respectively. 
The petrol fraction of Xylosma longifolium at more than 1 % craicentration showed f^otoxicity. 
The chloroforai fraction revealed 52.58 % mortality as gainst 73.97 % of the dhyl acetate fraction at the highest 
concentration. 
Key words:Chickpea • Crataegus crenuleata • Helicoverpa arntigera • Noctuidae • Xylosma longifolium 
• Antifeedent 
INTRODUCTION 
The noctuid Helicoverpa armigera attacks over 200 
crop species belonging to 45 families [1 ] globally leading 
to a yield loss tune to US $ 2 billion annualfy [2]. In India, 
the loss tune to 200 million US $ on Pigeon pea and 
chiclqjea [3]. The pest status of Helicoverpa is well 
justified in its pofyj^iagy on all economically important 
crops and tlw hurdles in its management This 
necessitates the search for more potent insecticides which 
are safer to the user and consumer. 
Due to high cost of chemical pesticides and due to 
increasing resistance and resurgence [4], there is growing 
interest in the use of botanical pesticides [5], which differ 
considerably from conventional products and this would 
make the existing IPM pa-ogramme more effective and 
sustainable while decreasing the reliance on synthetic 
insecticides. * 
Currently, H. armigera control is based on neurotoxic 
insecticides which are damaging the environment and 
public health via food residues, ground water 
contaminators or accidental exposure, these problems are 
getting amplified by the residual toxicities of the trophic 
levels. Plant based insecticides have the potential to play 
a major role in pest management in sustainable agriculture 
production. Mae than 1000 species of plants are known 
to possess insecticidal properties, 380 species antifeedent 
properties, 300 species repellent properties and 30 species 
each possessing attractant and Insect growth regulator 
(IGR) properties [6]. Plants produce a range of chemical 
substances to protect themselves from insect pests. 
They produce secondary metabolites which include 
alkaloids terpenoids, flavonoi<b and acetc^enins [7]. 
Biopesticides are ecofiiendly, safe to man and animals, 
short shelf life and have narrow target range with very 
specific and slow mo<fe of action, further more it suppress 
the pest population rather than elimination. 
In a view to develop an array of botanicals, this 
experiment was designed with two very promising plants 
Crataegus crenuleata and Xylosma longifolium, against 
the gram pod borer in laboratory conditions vsith chickpea 
as its host plant for its insecticidal and food deterrent 
properties. C. crenuleata (Syn. Pyracantha cremdeate) 
of family Rosaceae is an ornamental shrub distributed in 
the Himalayan belt from Kashmir to Bhutan (Alt-700-
2400m). C. oxycantha is reported to be astringent, 
sedative, cardio tonic, diuretic, stomachic and 
antispasmodic. The extract of leaves, flower and fruits 
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